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FOREWORD

The Japan and Adjacent Seas handbook is one of a series of
reqional forecaster handbooks produced by the Naval Environmental
Prediction Research Facility (NEPRF). This publication has been
developed in response to Commander, Naval Oceanoqraphy Command
requirement PACMET 84-16, validated by the Chief of Naval Operations
(0P-696).

The primary objective of this publication is to provide fleet
forecasters and other decision makers with a single, comprehensive
reference on environmental conditions for the Far East. Included
are several satellite pictures, which provide reference images for
various seasonal phenomena, and specific examples of satellite
imagery interpretation.

This handbook should be reqarded as a flexibl&~ d8cwment;
capable of being updated and revised as applicable. Fleet useys .are
urqed to submit comments and suqgested changes which fan Tbe: .
incorporated into tke handbook to increase its usefulness. ense ot

Wy 2 FVaY ..-0.' '

@ SRR
W. L. SHUTT T,
Commander, U.S. Navy

{
ol
=%
by v.v;cﬂm L4

e -

.

R

-

vii




"'“"'r"'w"-"'"*" ST ‘,r«ﬂv-‘v o

PREFACE

This handbook examines environmental conditions for the Sea of
Japan, East China Sea, Yellow Sea, Sea of Okhotsk, Philippine Sea

and western North Pacific (west of 168 deq East) and is organized by
reqion for easy access.

A qgeneral overview chapter follows the introductory chauter.
The overview includes seasonal climatoloqy charts for the entire Far
East area. In the reqional chapters, references are made to these

charts to assist the reader in differentiating seasons and sub-
areas.

Chapters 3 through 8 are dedicated to the six sub-areas of
interest. Each of these chapters follows a similar format in that
information is presented by seasons. Generous use of actual
satellite pictures (similar to those used in the NEPRF NTAG series
of publications) is made to give the forecaster guidelines to follow
in predicting specific conditions based on these data.

The final chapter contains forecast aids and rules of thumb for
the sub-areas. In most cases, these aids have direct applications to
naval operations. Most of the rules and aids were obtained from
forecaster handbooks produced locally by both the U.S. Air Force and
the U.S. Navy at various airfields and bases in the Far East reqion.

The appendices include a qlossary (Appendix A) of applicable
terms used by the various countries in the regqion. Appendix B
presents statistics and climatoloqy on typhoons in the reqlon while
Appendix C contains information on superstructure icing.

ix
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1.8 GENERAL INTRODUCTION

1.1 oObjective

The Objectives of this Handbook are to:

a. Provide operational forecasters with a single reference
text of information on the Sea of Japan, East China Sea, Yellow Sea,
Sea of Okhotsk, Philippine Sea, and western North Pacific west of

168°E.

b. Organize the material for easy access to a general
overview chapter with seasonal climatological charts and successive

chapters on regional environmental conditions within the area of

‘each of the above named marginal seas or oceanic areas.

c. Employ satellite imagery and graphics to illustrate
discussions of operationally important phenomena, to provide
reference 1images for various seasonal atmospheric and oceanic
synoptic scale features, and present specific examples of imagery

interpretation and deduction of environmental conditions.

d. List FORECAST RULES/AIDS which may have direct
application to naval operational planning, tactics, and daily

operations.

e. Identify pertinent and more detalled sources of
intormation in the Reference Section.

1-1




f£. Attach supplemental data/information from various sources

as Appendices.

1.2 Approach

The following approach was wused 1in development of this

Handbook:

a. An operationally-oriented outline was stratified by: (1)
A Large Scale Overview, (2) Regional Area Conditions, and (3)

Seasonal Sections on Environmental Conditions.

b. Pertinent reference material from the technical libraries
at the Naval Environmental Prediction Research Facility (NEPRF) and
the Naval Postgraduate School (NPS) Monterey was collected and

reviewed.

c. Operational reports of significant environmental

events/conditions were reviewed.

d. Naval Oceanographic Command personnel who have had recent

WESTPAC experience were interviewed.

e. Satellite imagery from the area was reviewed for specific

illustrations of key phenomena.



™

f. FORECAST RULES/AIDS which have been developed by area
fcrecasters were collected, screened, and selected for wuse in

forecasting both local airfield and large area conditions.

g. The general reference information, satellite imagery, and
forecast rules/aids were merged to provide a comprehensive reference

text.

1.3 OQrganizatiop and Contents

The Handbook ls organized to provide 1large area general
information, regional information, and speclflc location/condition
information. Because of the extensive 1latitudinal range of the
regions addressed, plus the wunique monsoonal influences a simple
four season year was not always appropriate. However, the four
seasonal approach was generally retained with modification where
necessary for regional variations.

Because of the varled countries and languages inclusive in
the area covered an appendix of geographic terms was included.
Information on such varied subjects as tropical cyclones and
superstructure icing are included. The general text and appendix
material 1is taken from the various references bvprovided. The
satellite 1imagery interpretation 1is based on references from the
NEPRF NTAG series, Air Force interpretation manuals, various journal
articles that made use of =atellite imagery, and the Authors

interpretation.




2.0 LARGE SCALE OVERVIEW

2.1 Physical C acteristics

The physical makeup of eastern Asia and adjacent ocean axreas
exerts a significant influence on the weather of the region. Many
meteorological conditions described herein are the result of alrmass
trajectory coupled with modifications imposed by the land and water
areas over which the airmass travels. Steep sea surface temperature
gradients may cause markedly different weather conditions in some
adjacent water areas with similar flow patterrns. A careful study of
the topography of eastern Asia and the bathymetry of adjacent water
areas is essential to successful forecasting.

Appendix A contains a glossary which lists the non-English
words for geography, topegraphy, arnd bathymetry features most
commonly encountered in the western North Pacific Ocean and marginal

seas.

2.1.1 Geography

Figure 2-1 shows the geography of the 1land masses which
border the water areas addressed in this handbook. The figure has
been expanded westward to inciude central and western China, which
contain the highest 1land elevaticns in the world and exert a
significant influence on the 1large scale weather patterns which

occur.

2-1
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2.1.2 Topography

Figure 2-2 depicts some of the major topographic features of
the Asian continent. Asia contains some of the most rugged terrain
in the world, with elevations ranging from the 29,0828 ft (8,848 m)
of Mt. Everest to the -154 ft (-47 m) of the Tuvrpan Depression. The
topography of eastern Asia can be classified by three major physical
features: (1) the volcanic area, (2) the eastern ridge line of the
continent, and (3) the mountains of Central China and Moagolia, an
area commonly referred to as the Tibetan Plateau.

The volcanic area is composed of a mountainous chain, formed
by the Kamchatka Peninsula and three island chains, the Kuril,
Japan, and the Ryukyu Islands. Japan is the most significant of the
three island chains because it poses the greatest barrier to air
flow. The Japanese Alps average near 7874 .t (2,409 m) in elevation
and cause frequent strong dynamic troughs wtich form in their lee to
the southeast and east of the country.

The eastern ridge line of the Asian continent is composed of
mountains averaging some 3,281 to 4,921 ft (1,000 to 1,586 m) in
elevation with some peaks exceeding 8,202 £t (2,560 m). Included in
the ridge line are the Sikhote Alin range which is most prominent
along the northwest coast of the Sea of Japan but continues

socuthward into the Korean peninsula, the Dzugdzhur and Kolyma ranges




along the west and north coasts of the Sea of Okhotsk, and other
less significant coastal mountains 1In eastern China which seldom
reach more than 2,953 ft (900 m) in elevation.

The Tibetan Plateau in central and western China has
elevations commonly ranging from 9,843 to 19,685 ft (3,000 to 6,000
meters) with many peaks exceeding the 6,800 m level. The plateau is
irregular in shape and is comprised of several mountain ranges, the
most prominent of which is the Himalayas. Also included are the
Kunlun Mountains, Tian Shan, Qillan Shan, and Altun Shan.
Immedlately north of the Tibetan Plateau llie the extenslive
wastelands of the Taklimakan Desert and the Dzungarian Basin. The
eastern extension of the wastelands forms the famous Gobi Desert,
where strong winds are frequent and the annual rainfall averages
just four inches (FWC/JTWC, Guam, 1978).

The remainder of eastern 2Asia 1is a complex mixture of
mountain ranges and extensive plains and valleys. The more
prominent mountain ranges !nclude the 2,953 to 5,906 ft (968 to
1,800 m) Greater Khingan Range just east of the Gobl Desert, and the
Koryak Range which lies along the eastern coast of Siberia north of
the Kamchatka Peninsula. Elevations in these ranges are
predominantly in the 2,953 to 6,562 £t (900 to 2,000 m) range with
some peaks exceeding 7,874 ft (2,400 m). An extension of the Koryak
Range runs the length of the Kamchatka Peninsula and has elevations
frequently exceeding 9,843 ft (3,998 w), with one peak reaching
15,584 ft (4,756 m).
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2.1.3 Qceanographic Features

This handbook addresses oceanic regions that include both
marginal seas and deep ocean areas of the western North Pacific
Ocean. Significant differences in physical properties exist between
the marginal seas and deep ocean regimes that impact temperature and
salinity structures and bottom characteristics and, therefore, sound
speed proflles critical to acoustlic propagation. Critical physical

properties of interest are:

(1) bathymetry and bottom topography features
(2) ocean fronts and current structures
(3) temperature and salinity change due to precipitation,
river inflow, and fluctuations in evaporation due to
variations in atmospheric circulations
A large-scale overview of each of these critical properties
for the region addressed 1in this handbook follows. Detailed
discussions addressing interrelated facets of these and other

properties will be provided in the individual sea and oceanic area

sections.

2.1.3.1 Bathymetr d B m h

The bottom features of the western North Pacific and

adjacent seas range from deep ocean trenches, troughs, ridges, and

basins to regions of extensive continental shelf (Figqure 2-3).
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The Philippine Sea is an abyssal zone (depths generally
greater than 2,006 m). The bottom topography 13 complicated by deep
trenches (greatest depth over 6,000 m), belts of seamounts, deep
basins, and a number of island arcs. The sea is separated on the

east from the Pacific Basin proper by a number of oceanic island
arcs and on the west from the marginal seas by the continental arcs
of Japan, the Ryukyu Islands, and the Philippines (Figure 2-3). The
abyssal deep basin 1s separated into east and west basins by the
Kyushu-Palau Ridge. The bottom sediments are pelaglic red clays and
oozes with volcanic material along the island arcs.

The East China Sea has two contrasting bathymetric zones, a
broad continental shelf and the Okinawa Trough. The shelf, known as
the Tunghai Shelf, 1is part of one of the 1largest in the world
extending from the Yellow Sea south through the Taiwan straits to
the South China Sea and the Gulf of Tonkin. The shelf width |is
about 1590 n mi at the southern boundary of the East China Sea (near
the ncrthern end of Taiwan) and broadens northward to about 46¢ n mi
near the ~orthern boundary (near 33°N). The majority of the shelf
has depths 1less than 1886 m with the shelfbreak near 150 to 179 m.
The shelf bottom consists of terrigenous sediment primarily from the
Yangtze (Changjlang) River (Figure 2-2) with 466 million tons of
sediment deposited annually (as compared to 560 million by the
Mississippi River).

The Okinawa Trough extends from Taiwan to Kyushu (the
southernmost 1island of Japan) along the inner side of the Ryukyu
Islands arc. A large area of the trough has depths of 1,800 m with
a maximum of over 2,700 m. The trough bottom is composed of a

mixture of terrigenous muds and pelagic oozes.
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The Yellow Sea and Gulf of Pohal form a broad seml-enclosed
sea with maximum depths of 66-88 m in the central and southeastern
parts (Fairbridge, 1966). The entire sea floor is part of the
continental shelf and is comprised of terrigenous sediments brought
down from the eastern watershed region 6‘ China via such rivers as
the Yellow, Liao, White, and Yangtze {Changjiang). The westward
flowing rivers of Korea, Yalu, Han, and Kum also carrxy large flowing
rivers of Korea, Yalu, Han, and Kum, also carry large amounts of
sediment into the Yellow Sea. Broad tidal mudflats axe typical
coastal features of the Yellow Sea.

The Sea of Japan contains both continental shelf and deep
basin regions. The shelf 1s very narrow except in the extreme
southern and northern narrows. The majority of sea depths exceed
1,009 m with a large area of the basins greater than 3,000 m. The
Japan Sea Basin is separated from the Pacific floor by the Japanese
Island Arc on the southeast side and bounded by the continental
'shelf elsewhere. The Sea of Japan is connected on the south and
north to marginal seas by the Tsushima (Korea) Strait, and La
Perouse (Soya) and Tartar straits respectively. Only the Tsushima
{Korea) Strait has a sill depth greater than 166 m. The Tsugaru
Strait 1located between Honshu and Hokkaido on the northeastern side
of the Sea of Japan connects it with the main Pacific Ocean.

The Sea of Okhoitsk has three main categories o¢f bottom
topography: (a) continental and island shelves, (b) the bottom of
the centrzl part of the sea, and (c) the bottom of the southern
deep-water basin. The shelf area occupies more than 40% of the
entire sea area and is composed primarily of sands or silts. The
widths, outer margin depths, and slopes toward the basins vary

widely (see section on the Sea of Okhotsk for details). The central
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floor area has several systems of elevations and troughs. Depths
over the systems range from 2¢# m to near 1,75¢ m. The Kuril Basin
rurs along the inner side of the Kurll Islands and has a greatest
depth of over 3,800 m. The basin is surrounded on all sides by
steep slopes (15-260). The sediments range from pebbly gravel and
sand in the nearshore and over open sea summits and slopes, through
bands of silts and clays to ooze over the majority of the central
part and abyssal plain of the Kuril Basin. 1In contrast to the Sea
of Japan, which 1s nearly landlocked, the Sea of Okhotsk has free
exchange of water with the Pacific. Bussol (Boussole) Strait
accounts for over 48 percent of the cross sectional opening of the
straits and has a sill depth of over 2,300 m. Kruzenshtern Strait
accounts for about 25 percent more of the total opening and has a

sill depth cver 1,908 m.

2.1.3.2 cCurrents

An overview of the major currents 1is provided here.
Additional details on these currents as well as on 1local currents
are presented in the regional sections.

The Kuroshio Current 1is the dominant ocean current of the
western North Pacific and resembles the Gulf Stream of the western
Atlantic. The Kuroshio begins east of northern Luzon, the northern-
most of the Philippine Islands, (Strommel and Yoshida, 1972) and
flows close to the east coast of Taiwan and then into the East China
Sea (Figure 2-4 and see Figures S-3-7, page 3-36 and 5-3-8, page 3-
52). In the East China Sea the Kuroshio follows the Okinawa Trough
between the continental shelf and the Ryukyu Ridge. The current
splits 1in two parts southwest of Kyushu. The major part flows east
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to south of sShikoku and then northeastward along southern Japan.
The mlinor branch flows norti as the Tsushima Current west of Kyushu
through the Tsushima (Korea) strait into the 3ea of Japan. The
Kuroshio Current south of Japan either flows northeastward close to
the continental slope, co¢r makes a large meander to near 310N south
of Honshu. Once formed, this large meander tends to persist for
several years. The Kuroshio leaves the Japan coast near 36°N and
flows generally east but with a meandering path. Tnis portion of
the current flowing eastward from Japan 1is cailed the Kuroshio
Extenslon__(See Flgure $-8-2, page 8-23). The Kuroshlo retains its
form of a relatively narrow concentrated current until about 1600E

where it transforms into the weak, broad North Pacific Current.

The Tsushima Current is a major feature of the Sea of Japan
(See Figure S-3-3, page 3-15). It has been defined by Sverdrup et
al. (1942) as the warm current that branches off on the left-hand
slde of the Kuroshio and enters the Sea of Japan through the
Tsushima Strait. The Tsushima Current splits Jjust south of the
Strait with one branch following the western coast of Japan to the
north and a second weaker branch entering the central Yellow Sea.
The Tsushima carries water of high temperature and high salinity
northward. The major portion of the Tsushima Current transport
(about 75 percent) flows out of the Sea of Japan through the Tsugaru
Strait as the warm Tsugaru Current (See rigore S-3-4, page 3-22).
The remainder continues northward along the west side of Hokkaido
and@ then splits. One branch turns eastward through the Soya (La
Perouse) Strait and returns southward as the warm Soya Current along
the northeast coast of Hokkaido. The other branch continues
northward as a warm current off western Sakhalin 1Island. The cold
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Liman Current has a southerly set in the western portion of the Sea
of Japan (See Figure S-3-3, page 3-15).

The Oyashio Current is a cold current that originates in the
Bering Sea and flows southwest along the Kamchatka Peninsula, the
Kuril 1Islands, and Hokkaido, meeting the Kuroshio off the north-
eastern coast of Honshu near 37-48°N (See Figure S-8-2, page 8-23).
This region, where arctic waters meet warm waters, 1is called the
Perturbed Area. Numerous eddies and thermohaline fronts are
irregularly distributed in the Perturbed Area causing complicated
hydrographic conditions (Strommel and Yoshida, 1972). The major
features of this area have been theoretically described as four
parallel rows of stationary wvortices or eddies that rotate in
alternate directions (Barkley, 1968). A review of Japanese
Hydrographic Division quarterly isotherm analyses for 1955-64, by
Barkiey (Marr, 1978) provides empirical support for the theoretical
confiqguration. The Perturbed Area extends from near the Japanese
coast eastward to beyond 1680E and north-south from about 379N to
near 5@ON. The area has a north-south dimension of 286-306 n mi 1in
the rear-shore region and increases eastward. There 1is also a

normal north-south seasonal displacement.

2.1.3.3 ratu nd Salinit

The seasonal variations 1in near-surface temperature and
salinity differ throughout the region. For a given location the
near-surface temperature values are affected by two principal
heating processes. First 1s the seasonal variation 1in solar
heating, wlth the typical oceanlc lag resulting in a maximum 1in

August and minimum in February/March. Second, the advection process
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F due to shifting oncean currents can modify the seasonal cycle at a
. glven point. The extreme minimum and maxlimum temperatures dlscussed
h in the text for each sea refer to the value for which 1% of all

reported are lower or higher. Near the surface, salirity values
reflect the effects of additional fresh water due to precipitation
or run-off (reduces salinity) and evaporation processes (increases
P salinity). The shifting ocean currents also play a role in changing
salinity values at a given location, reflecting the values of their
source reglions. Local variatlions in precipitation, evaporation, and
currents result in salinity minimums in late summer and fall
i (following the raln and troplcal cyclone season) and maximums 1in

{ late winter and spring as a result of high evaporation rates.

2.2 Typlcal Atmospheric Features

The water areas discussed in this handbook 3pan more than 5@
degrees of latitude, from the southern reaches of the Philippine Sea
to the northern limit of the Sea of Okhotsk. The weather over these
diverse areas ranges from tropical to sub-arctic, making it
difficult, if not 1imposslible, to address 1in general terms a
"typical" atmospheric feature that would apply to or impact all of
the areas discussed herein. Consequently, this section addresses
only 1large scale events that normally occur in the course of the
seasons, without regard for their effects, oxr lack thereof, on a

particular area.
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2.2.1 BSea3sonel Varjations

In the mid-latitudes, one would normally expect to £ind four
reasonably distinct seasons: the traditional spring (mid-March to
mid-Juna), summer (mid-June to mid-September), autumn {(mid-September
to mid-December), and winter (mid- December to mid-March). Not all
of the areas discussed in this handbook are in the mid-latitudes
however, and even those that are do not all have the standard
seasons.

Because this section is intended only as an overview of the
whole of eastern Asia, it will address the foui traditional seasons,
and leave the discussions of regional differences to those sections
that apply to each specific reglon. The selection of individual
months that best represent each season was made after considering
several factors, the most significant of which was to best describe
the majority of the covered areas. Ultimately, the months of
February, May, August, and November were chosen. They fall within
the traditional gquarterly seasons and also fit reasonably well Iinto
the more detalled seasonal breakdown of southern Japan and adjacent
areas.

Although the start and end of the seasons usually occur in
the middle of calendar months, most available climatology reference
documents have data grouped and summarized by whole months.
Consequently, unless otherwise indicated, it has been nece- .ry to
treat each season as a four-month period when describir - the

conditions that prevail at its start or end. For example, to
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present the conditlions that exist at the start and end of winter 1n
the East China Sea, the whole months of December and March are

ccnsidered.

2.2.1.1 Monsoons

A significant portion of eastern Asian weather is controlled
by the Asiatic monsoon. The term "monsoon" originated with the
Arablic "mausim", a season, and was orlginally applied to the wind
regimes of the Arablan Sea where winds blow for six months from the
northeast (winter monsoon) and six months from the southwest (summer
monsoon). Monsoon and monsoonal areas have been defined in many
ways, but most have a central theme -- seasonality -- surface winds
which blow persistently from one general direction during one season
and 3Jjust as persistently from a markedly different direction during
another season (FWC/JTWC, 1978).

In winter, the Siberian high, a large, shallow high
pressure cell, domirates the eastern USSR. The cold, snow covered
surface absorbs little solar radiation because of a high albedo, and
subsequent cooling and light surface winds allow a massive pool of
shallow but intensely cold air to develop. Surface pressures of
1650 mb are not uncommon, and pressures of 1982 mb were analyzed on
surface pressure charts over Siberia during 1974 and 1975 (FWC/JTWC,
1978). The high pressure cell creates the winter monsoon, also
called the Northeast Monsoon, resulting in a strong north or
northeasterly airflow predominating over eastern Asia and adjacent
waters.

Conversely, 1in summer, the warming landmass causes a large
thermal 1low to form over Asia, creating the summer monsoon, also
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known as the Ssouthwest Monsoon. It transports warm, mnmeist alr
northward along the coastal area of eastern Asia. The summer
monsoon 0of the western North Pacific is relatively weak compared to
the -summer monsc>i>n of India. Gale force winds seldom occur, and
then only when they are associated with strong inflow near a large
tropical cyclone or with channeling (Venturi effect) through
restricted waters such as the Taiwan Strait between mainland China
and Taiwan (Figure 2-3). The summer monsoon of Asia is less intense
than that of Ind‘a and Asia Minor due to:
(1) less intense heating at higher latitudes and periodic
invasions of cool air from the north
(2) a wider range of sea surface temperatures
(3) clouds assoclated with the perlodic formation of an
extratropical or tropical cyclone reduces the incoming
solar radiation that reaches the surface and eliminates

the heat low

(4) the more northerly position of the Polar Front
(FWC/JTWC, 1978).

In the mid-latitude coastal areas the local meteorological
conditions are controlled by the seasonal advance and retreat of the
Polar Front, the boundary between continental polar and maritime
troplcal airmasses. The autumn transition from the summer to winter
monsoon occurs rapidly. It involves a shift from light and variable
southerly winds to stronger, steadier northerly winds as the mean
position of the Polar Front migrates rapidly from near 460N
southward to 26-250N (Figure 2-5).

The winter monsocn s=ason dissipates as the Siberian high
weakens during the spring, resulting in a northward migration of the
Polar Front to 1ts summer position and the establishment of the
summer monsoon over the coastal waters of easte~n Asia (Huh, 1982).
This spring transition usually results in many vacillations between
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Figure 2-5. Seasonal migration of the pnmary polar front’polar trough syster |

(a) Summer tc mid-vanter sraward advance. (b) Spring to summer landwar retreat
(Adapted from Huh (1982), with U.S. Arr Force {1970) as original data source)
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northeast and southwest flow in the mid-latitudes before the thermal
low becomes firmly established over cent.al Asia.

The transitions from one monsoon regime to the other occur
during the traditional late spring, summer and early autumn months
and, in some areas, cause such pronounced changes in the climate
that the transition periods are treated as separate seasons. For
example, the southern half of Japan experiences six distinct seasons
plus a typhoon season that overlaps three of the other seasons.
These seven seasons, as outlined by NOCD, Atsugi, (1988) and NOCF,
Yokosuka, (1981) are:

(1) Winter - - - - - -~ - - - December to mid-March
(2) spring - - - - - - - - - mid-March to mid-June

(3) Bai-U (wet season)
also called Mei-Yu

Plum Rain in China - ~ - mid-June to mid-July
(4) Summer - - - - - - - - - mid-July to mid-September
(5) Typhoon - - - - - - - - July, BAugust, September
(6) Autumn Bai-U (Shurin)- - mid-September to mid-October
(7) Auvtumn - - - - - - - - - mid-October through November

Korea, however, a country close to southern Japan, has four
"traditional" seasons, but experiences a shortened autumn season and

a longer winter season (U. S. Navy, 1965):

(1Y Winter - - - - - - - - - November through February
(2) sSpring - - - - - - - - - March through May

(3) Summer - - ~ - - - - - - June through August

(4) Autumn - - - - - - - - - September and October




2.2.1.2 Mei-Yu/Baji-U Spring Front of the Far East

The spring ralny season 1s a unique climatological feature.
The circulation feature 1is Kknown as the Mei-Yu front (plum rain)
over China and Taiwan and as the Bai-U front 1in Japan. The front
has a near stationary nature and occurs during the transition period
between the Northeast Monsoon in the winter and the Southwest
Monsoon in the summer. The front initially develops in mid to late
May over southern <Chlna and Talwan 1in response to the westward
extension of the subtroplical Pacific high. The duration of the
rainy season 1is about one month over the southern areas and
increases to about two months over central China and southern Japan.
The nature of the precipitation is continuous or intermittent 1light
rain mixed with frequent heavier rainshowers or thunderstorms. The
entire cloud band and ralny area moves slowly northward throughout
June and July and may influence areas of northern China and Japan
until well into Augqust. However, as pointed out by Kuo and Anthes
{1982), the front tends to move back and forth, thus creating a
difficult short-term forecasting problem.

The Mei-Yu/Bai-U front is a subtropical front and therefore
has different characteristics than a Polar Front. The Mei-Yu/Bai-U
front is characterized by a narrow steady precipitation zone, strong
gradient of equivalent potential temperature, thick moist neutral
layer, and a steady generation of convective instability (Ninomiya,
1984). However, model studies (Kuo and Anthes, 1982) as well as
empirical studies by various far-east investigators indicate that
the eastern section of the front (east of about 1350E) is similar to
a mid latitude cold front while the western section (west of about
1380E) resembles a semi-tropical system. The Mei-Yu/Bai-U front is
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a relatively shallow feature and develops only in the lower
troposphere, unlike the mid latitude fronts which typically have a
supporting trough that extends to the upper troposphere.

The structure of the Mei-Yu/Bai-U front is marked by a
significant 1low level jet (LLJ) which exhibits ageostrophic flow in
the near surface to 688 mb layer. The winds are generally 20% to
50% stronger than indicated geostrophic winds. The LLJ maximums are
located near the 70¢ mb level and are typically found about 1886 n mi
southeast of the areas of most active convection (Ushijima, 1968).

The clrculation pattern of the frontal structure is composed
of weak mesoscale cyclones with embedded clusters of convective
cells. 1In the vicinity of Taiwan, the mesoscale dlsturbances have a
periodicity on the order of 17 to 20 hours, a wavelength of about
180 n mi, and a phase speed of near 10 kt. The embedded convective
clusters have periods of about 3 to 7 hours, wavelengths of 35 to

190 n mi, and speeds of 12 to 15 kt. 1In the vicinity of southern

sJapan, the wavelengths of the mesoscale features are on the order of

608 n mi or less, while the phase speeds increase to 34 to 40 kt
(Chen and Tsay, 1978). The perlodicity uf the mesoscale remains
near 20 hours (Matsumato et al, 19780) while the mesoscale
disturbances are characterized by cyclonic circulation that show
little tendency to deepen as they move eastward (Matsumato and
Tsuneoka, 1970). Deepening 1is likely to occur if the Mei-Yu/Bai-U
front is interacting with a mid latitude upper level trough east of
about 1350E.

The Mei-Yu/Bai-U cloud band has different characteristics in
its northern and southern portions. In the northern portion, low
and/or middle clouds generally prevall while in the southern portion
well organized cumulonimbus clusters are found, especially to the
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west of 1309E (Chen, 1988). The northern portion of the frontal
zone is marked by a dry area with light winds 1in the mid troposphere

(509 mb) and above.

2.2.1.3 Migratory Lows

Seasonal meteorological conditions affect the likelihood of
cyclogenesis and cyclone trajectory cycle. Most discussions of
migratory lows in the Far East identify six basic types, based on
the 1location of thelr formation and/or track. Figure 2-6 depicts
the tracks of the six types. The followlng descriptions are taken
from the Area of Responsibility Forecasters Handbook, by NOCD,
Atsugi, (1986).

The "northern lows" (Types A, B and C) genaerally form in
northern China or southern USSR and move from thelr source region
into the Sea of Okhotsk or into the northern Pacific. They are all
formed by movement of short-wave troughs through the low pressure
source region, and all are enhanced by downslope adiabatic wa:ming
as the systems traverse from their mountainous source regions to the
Sea of Japan. Northern lows include:

Type A - Manchurlan Low. Maximum occurrence is during the
autumn and spring. The system generally tracks over Sakhalin Island
and into the Sea of Okhotsk.

Type B - ke Baik ow. Maximum occurrence is during
spring, but may occur throughout the year. The track is somewhat
south of the Manchurian Low, moving instead over the Sea of Japan

and northern Japan. Average speed of movement is 22 kt.
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Figure 2-6. Storm tracks (adapted from Naval Oceanography Command Detachment,
Atsgui, Japan, 1980).
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Type C - South Mongolia Low. South Mongolla lows can occur

during any season. The track is more southerly than the two
previously discussed, and may generate a Yellow Sea Low (Type E) as
it passes through that region. 1Its trajectory is normally over the
Yellow Sea, Korea, the Sea of Japan, northern Japan, and into the

southern Sea of Okhotsk with a mean speed of about 28 kt.

The "southern lows" (Types D, E, and F) generally form over
central and southern China, then track over the Yellow Sea, Sea of
Japan, and northern Japan, or track over the East China Sea and
remain south of Japan. They occur year-round and produce widespread
precipitation, low ceilings, poor visibility and occasional
thunderstorms or high winds. There are three major systems in the
southern group.

Type D - Shanghal Low. Also called the Hwang Ho Low, this
system occurs most frequently during spring. Similar to the
"Hatteras Low" of the United States' east coast, it is notorious for
rapid intensification as it moves over the warm waters of the
Kuroshio Current. Moving from its source region over central China,
it tracks east to northeast at a mean speed of about 18 kt, and then
eastward between the Japanese lslands of Kyushu and Okinawe. This
low 1is generated by a deepening of the China thermal low. 1If the
thermal low is deepened by a short-wave trough moving north of the
Himalaya Mountains, a central pressure of less than 1012 mb will
generate a Shanghai Low. 1If the low is deepened by a short-wave
trough moving from the south of the Himalayas, a central pressure of

less than 1066 mb will generate a Shanghai Low. An empirical rule
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states that when a low is generated over China and passes 1200E
south of 309N, it will be a Shanghal Low and should pass south of
the Japanese island of Honshu.

Type E - Yellow Sea Low. Sometimes referred to as a Central
Basin Low. Primarily a summer and autumn phenomena, Yellow Sea Lows
move from their source region at a mean speed of 21 kt and track
over South Korea into the Sea of Japan. They frequently produce a
secondary low south of the Japanese islands of Khushu or Shikoku 12
to 18 hours after entering the Yellow Sea.

Type F - Talwan Low. Sometimes called Yangtze Lows. Taiwan
Lows are initially generated over China near 25°N 10@80E, and occur
most frequently from autumn through spring. They track
northeastward from the Talwan/China coast region at a mean speed of

24 kt, and will always track south of Japan.

2.2.1.4 Cold Fronts

The majority of cold fronts approaching the eastern coast of
Asia are the result of old, occluded fronts coming from Europe.
Circumventing the Tibetan Plateau, they follow a southeastward and
eastward track toward Korea and Japan, causing invasions of
intensely cold air. The flow pattern at 500 mb through 208 mb
influences the direction the cold air will follow, and the
availability of moisture determines weather in terms of
precipitation and clouds. The document Forecaster's Handbook Volume
1 (FWC/JTWC, 1969) theorizes that in the Far East there are
basically three types of cold fronts with respect to origin and
movement (Figure 2-7). It was also found that anticyclones will
follow the same trajectories as the cold fronts.
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Figure 2-7. Tracks of cold fronts over Asia as categorized by Sjan-Zsi Li, adapted
from Fleet Weather Central, Guam (1969).

The vertical extent of cold fronts is not believed to extend
much above 6,568 ft (1,981 m). However, A. Lee in his study The

Cold Waves of China, found that they may reach 10,0800 ft (3,048 m)

during a severe, cold outbreak.

Type X - Western Cold Front. Western cold fronts occur most
frequently of the three types hypothesized, originating on the
shores of the Arctic Ocean 1in the western USSR between 30°E and
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90CE. They occur throughout the year and usually follow one of two
trajectories. 2After leaving their source regicn, most Western
fronts travel into north China, reaching the coast about 469N. The
other, less frequent, trajectory has the cold front moving southwa:d
as far as Indo-China. Western fronts are quite shallow and only in
intermediate latitudes do they cause severe drops in temperature.
Frontal precipitation 1is associated with them. Cyclogenesis along
these fronts over the Shandong Peninsula in the western Yellow Sea
will also cause widespread frontal weather. Western cold £fronts are
produced by relatively strong meridional flow at 580 mb with a long
wave trough position over Korea.

Type Y - Central <Cold Front. Central cold fronts occur
frequently and are especially severe in northern and central China,
Manchuria, Mongolia, Korea, and Japan. Originating in eastern
Siberia between 100°E and 146°E at 550N to 700N, they have more
vertical extent than the Western type, and are associated with very
dry and cold air, resulting in pronounced drops in temperature.
Central fronts are most often observed during mid-winter and are
produced by strong meridional flow, or a block north of Mongolia and
a long wave trough over Japan.

Type 2 - rn Coj r . Eastern cold fronts are formed
from 140°E eastward between 550N and 789N and travel toward the
south-southwest along the east coast of Siberia and into Korea.
They do not occur as frequently Western and Central cold fronts and
are primarily spring and summer phenomena, with a secondary

frequency maximum in November.




2.2.1.5 4#Winter (mid-December to mid-March)

At the surface, Eastern Asla 1s under the influence of the
giberian high pressure cell which is resident in the Lake Balikal
region of the USSR. This continental, cold high is at its maximum
intensity in January and February. The Siberian high fluctuates in
position and intensity in <response to migratory mid-tropospheric
disturbances and sends cold surges eastward from the Asian mainland.
During winter, the oceanic, warm mid-Pacific high is at its weakest
and has receded southeastward. The westward extenslon of this
oceanlc high 1s also weakened and shifted southeastward, resulting
in an area of lower pressure between the two high pressure systems.
The Polar Front lies between the two high pressure cells and is
oriented east-west near 20°N over the waters adjacent to eastern
Asia.

In the upper atmosphere, the Jet stream 1is at its
southernmost position and at 1its greatest strength in winter. A
significant feature of the jet stream is that it splits as it passes
the Tlbetan Plateau in its eastward journey across western China.
Murakami (1981) states that, based on a limited data study performed
by Chinese sclentists, during winter the low-level (below 56 mb)
westerlies split into two branches (northern and southern) and fliow
around, rather than up and over, the high mountains of the Tibetan
Plateau and that "a strong upper level (2¢60-360 mb) jet stream flows
along the southern periphery of the Tibetan Plate.-u...." The
splitting effect is seen in Figqure 2-8. The two branches of the jet

stream then merge into a single flow over southwestern Japan.
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and mean jet stream position (adapted from U S Marine Corps, 1967 and U S Air Force, 1968).
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The Aleutian low 1s well establioned near 53N 178E and is at
its strongest during the months of January and February. An area of
low pressure, sometimes evident only as a trough, becomes a semi-
permanent feature over the eastern Sea of Okhotsk during the winter
and forms an anchor for a semi- permanent thermal trough that
extends into the Sea of Japan. The thermally induced trocugh 1is a
result of the temperature difference between the frigid air of the
Asian landmass and the relatively warmer waters of the Sea of Japan.

The most probable winter mlgratory low pressure systems are
Lake Balkal Lows, South Mongolia Lows, and Talwan Lows. Records for
the years 1951 and 1952 from Fleet Weather Facility, Yokosuka, Japan
showed an average of about 57 cold fronts per year in the Far East.
0f these, about 18 (32%) occurred during the winter (mid-December to
mid-March) a frequency of about one every five days (FWC/JTWC,1969).

During the winter months, slignlflcant troplcal cyclone
activity 1is 1limited to the Philipplne Sea and the western North
Pacific Ocean south of about 29°N. Although troplcal cyclones have
been known to form during all months of the year, few form during
winter, and of those that do, even fewer still reach typhoon
strength. In the western Pacific approximately one typhoon per four
years occurs in January and one per five years in February and March
{Crutcher an¢ Quayle, 1974). All of the storms of record during
January and February have stayed well south of 38°N, with the
primary track westward over the central Philippine Islands, or
recurving northeastward and passing 1489E south of 280N. Refer to

Appendix B for tropical cyclone tracks.

Figures 2-9 throujh 2-21 depict various average climatic
conditions that prevail over eastern Asia and adjacent waters during
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the month of February. A brief discussion of each of the parameters
is presented in the climatologjy sections of the regional chapters in

+this handbook.
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Figure 2-9. Surface winds durning February (adapted from U S Navy, 1977).
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Figure 2-16. Percent frequency of occurrence of visibility limits during February (adapted from U S. Navy, 1977).
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Figure 2-17. Low cloud amounts vs. celling and visibility during February (adapted from U.S. Navy,
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Figure 2-18. Percent frequancy of occurrence of wave heights during February (adapted from U.S. Navy, 1977).
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Figure 2-19. Mean surface air temperature in degrees Fahrenhett during February (adapted from Ownbey, 1973

and U.S Navy, 1977).
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Figure 2-20. Mean sea surface temperature in degrees Fahrerheit during February, with approximate ice imits

(adapted from U.S Navy, 1967 and U S. Navy. 1977)
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Figure 2-21. Mean altitude of the freezing leve! for February in feet (adapted from U.S. Arr Force, 1965).
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2.2.1.6 8pring (mid-March to mid-June)

The Siberian high weakens considerably and gradually shifts
from., the Lake Baikal position to near 45N 953E during spring. A low
pressure area forms over Indochina and the low pressure center that

is resident over the Sea of Okhotsk in winter retrogrades to a

position over northern Mongolia. Thermal lows may begin to form over

China and northeast Mongolia. As the Siberian high weakens,
occasional "bubble highs" break off from the main high pressure cell

and move eastward across the Sea of Japan. As the small high moves
rapidly eastward it is usuwally followed by cyclogenesis and bad
weather in the coastal Asian waters. As documented by George and
wWolff (1953), "The reliability of this sequence of events leads
directly to the adoption of the appearance of this surface bubble as
the predictor for cyclogenesis and bad weather to follow."

The Aleutian low is still in evidence but, after April, Iis

‘more diffuse and migratory in nature. The Polar Front starts to

retreat northward, extending southwestward from the Aleutian low to
a position south of Japan then westward across the Okinawa area and
into China. Figure 2-22 shows the mean position of the front during
May. It can be seen by comparing Figures 2-8 (page 2-29) and 2-22
that by May the jet stream has weakened and moved northward from its
winter position. The north-scuth seasonal fluctuations of the Polar
Front are directly tied to the movement cf the southerly jet stream
as it shifts from south of the Himalayan Plateau (winter position)

to north of the plateau (summer position). Yoshino, (1965) shows
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the relatlonship of the jatitude of the upper wind maximum to the

beginning and end of the Bai-U season in Japan and the Mei-Yu season

in the Yangtze (Changjiang) region of China, as the Polar Front
noves northward in concert with the northward displacement of the

upper wind maximums.

Figure 2-22 shows there are iwo mean jet stream cores. The

souchernmost core crosses the Yellow Sea, southern Korea and
southern Honshu before proceeding east-northeastward across the
Pacific Ocean. The northern core extends southeastward from Lake
Baikal and crosses the northern tip of Honshu before moving eastward
across the Paclfic. Some studies show the two cores merging into a
single core just east of Japan.

The most probable spring migratory 1low pressure systems

include Manchurian Lows, Lake Baikal Lows, South Mongolia Lows,
Shanghai Lows, and Taiwan Lows. The average tracks for each of the
systems are presented in Figure 2-6 (page 2-23).

0f the yearly average of about 57 ¢old fronts occurring in
the Far East, 14 {25%) occur during spring (mid-March to mid-June},
a frequency of about one each six days (FWC/JTWC, 1969).

From a minimum in February, tropical cyclone activity starts
to show a marked increase by June, although an average of only one
typhoon can be expected to form in the western North Pacific during
June. The northward limit of tropical c¢yclones during March and

April (combined statistics) encompasses the East China Sea, extreme



~9

southern Sea of Japan, the western North Paclfic Ocean south of
360N, and the Philippine Sea. During June, the tracks start to show
incursions across all of the water areas addressed in this handbook,
except for the Sea of Okhotsk (Crutcher and Quayle, 1974). Refer to
Appendix B for tropical cyclone tracks.

Figures 2-23 through 2-35 depict the average c¢limatic
conditions that prevail over eastern Asia and adjacent waters during
the month of May. A brief discussion of each of the parameters is
presented 1in the climatology sectlions of the regional chapters in

this handbook.
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Figure 2-23. Surface winds dunng May (adapted from U.S Navy, 1977).
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Figure 2-25 200mb heights and winds for
May All heights in tens of gpm (adapted

from Crutcher & Meserve, 1970)

Figure 2-24 100mb heights and winds for
May All heights n tens of gpm. (adapted

from Crutcher & Meserve, 1970)
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Figure 2-30. Percent frequency of occurrence of visibility imits during May (adapted from U.S. Navy, 1977).
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F.gure 2-31 Low cloud amounts vs ceiling and visibility during May (adapted from U S. Navy, 1377)
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Figure 2-32. Percent frequency of cccurrence of wave heights during May (adapted from U.S. Navy, 1977).
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Figure 2-33. Mean surface air temperature in degrees Fahrenheit during May (adapted from Ownbey, 1973 and
U.S. Navy, 1977).
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Figure 2-34. Mean sea surface temperature in degrees Fahrenhert during May, with approximate ice limits

(adapted from U.S. Navy, 1967 and U S. Navy, 1977).
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Figure 2-35 Mean altitude of the freezing level for May in feet (adapted from U S. Air Force, 1965).
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2.2.1.7 Summer (mid-June to mid-September)

At the beginning of the traditional summer season, the Polar
Front is oriented east-west along southern Honshu and extends west-
southwestward into China. The warm, moist air being transported
northward south of the front caursas warm frontal-type overrunning
and usually results 1in extensive precipitation over Japan. This
situation, called the Bai-U (or Plum Rain) season, wusually persists
until mid-July when the Polar Front shifts northward and establishes
its summer position northwest of the Sea of Japan.

The glberlan high 1is weak, and usually fractured into
several small high pressuze cells, Most migratory lows are
relatively weak and move eastward north of the central portion of
Honshu. The jet stream is at its weakest during the summer with a
mean position across the northern Korean peninsula, Sea of Japan,
and northern Honshu (see Figure 2-36).

The monsoon trough has migrated northward, extending
northwestward from the tropical north Pacific waters east of the
Philippines to the East China Sea north of Taiwan, thence westward
into the interior of southern China.

The most probable summer migrator low pressure systems
include Lake Baikal Lows, South Mongolia Lows, and Yellow Sea Lows.
Average tracks for each of the systems are shown in Figure 2-6.

Of the yearly average of approximately 57 old ontg
occurring in the Far East, only 6 (11%) occur during summer (mid-
June to mid-September), a frequency of about one every two weeks

(FWC/JTWC, 1969).
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Summer brings a maximum of troplical cyclone activity to the
western North Pacific and eastern Asia. Approximately four typhoons
pert 'year form in each of the months of August and September, with
three forming during July (Crutcher and Quayle, 1974). Of these, a
large percentage can be expected to move northwestward across the
waters of the Philippine Sea or western North Pacific. Some can be
expected to recurve to the northeast while south of Japan, but a
significant number will move into the waters of the East China Sea,
Yellow Sea, or Sea of Japan. Refer to Appendix B for tropical
cyclone tracks.

Figures 2-37 through 2-49 depict various average climatic
conditions that prevail over eastern Asia and adjacent waters during
the month of Augqust. A brief discussion of each of the parameters

is presented in the climatology sections of the regional chapters in

this handbook.
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Figure 2-37 Surface winds dunng August (adapted from U.S Navy, 1977).
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Figure 2-44 Percent frequency of occurrence of visibility imits during August (adapted from U S Navy, 1977)
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Low cloud amounts vs ceiling and visibility during August (adapted from U S Navy, 1977)
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Figure 2-46 Percent frequency of occurrence of wave heights during August (adapted from U S. Navy, 1977).
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Figure 2-47. Mean surface arr temperature in degrees Fahrenheit during August {adapted from Ownbey, 1973 and
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Figure 2-48. Mean sea surface temperature In degrees Fahrenhert during August, with approxi nate ice imits
{adapted from U S Navy 1967 and '] S Navy, 1977)
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Figure 2-49. Mean altitude of the freezing level for August in feet (adapted from U.S Air Force, 1965).
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2.2.1.8 Autumn (mid-September to mid-December)

The trapnsition from the =summer season to autumn occurs
rapidly. The Polar Front moves rapidly from a position north of
Korea to a 1location south of Japan as the Siberian high pressure
cell becomes the dominant weather feature over Asia. Cool, dry air
invades the offshorxe Qaters as northerly flow predominates at the
surface.

The rapild movement of the Polar Front southward through
Japan occurs during a period called the Autumn Bai-U (9or Shugin).
It is simlilar to the Spring Bai-U in that it usuvally brings a period
of rain and cloudy weather to the southern half of Honshu and the
East China Sea due to the overrunning of the warm tropical air over
the colder polar air moving southeastward from the Asian landmass.
The duration of the inclement weather is shorter during the Autumn
Bai-U due to the rapid southward movement of the front.

The Algg&ign_hgx strengthens and moves to a poslition close
to its favored winter Jlocation, and the Sea of Okhotsk low re-
establishes itself during the Autumn season.

The jet stream core velocities increase, with speeds of 148
kt common over the East China Sea and Japan. As shown in Figure 2-
58, the jet stream once again is split over eastern Asia as a result
of the influence of the Tibetan Plateau, with the two cores merging

over central Japan.
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Flgures 2-51 through 2-63 deplct various average climatic
conditlions that prevall over eastern Asia and adjacent waters during
the month of November. A brief discussion of each of the parameters
is presented in the climatology sections of the regional chapters in
this handbook.

The most probable types of migratory 1iow pressure systems
occurring during the autumn season include Manchurian Lows, Lake
Baikal Lows, South Mongolia Lows, Yellow Sea Lows, and Taiwan Lows.
Average tracks of each of the systems are deplcted in Figure 2-6.

Of the yearly average of approximately 57 col on
occurring in %he Far East, about 19 (33%) occurred during autumn
{mid-September to mid-December), a frequency of about one every five
days (FWC/JTWC, 1969).

From a maximum in August and September, opical ¢ one
frequency declines during autumn, with an average of approximately
six typhocns per year in the western Pacific (three in October, two
in November, and only one during December) (Crutcher and Quayle,
1974). Early season storms pose the greatest threat to interests in
the waters adjacent to eastern Asia. By December, typhoon activity
is generally i1imited to latitudes south of 38°N. Those storms that

do move north of that latitude recurve to the northeast well south

of Japan. Refer to Appendix B for tropical cyclone tracks.
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Figure 2-58 Percent frequency c;f occurrence of visibiity limits during November (adapted from U S Navy, 1977).
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Figure 2-81. Mean surface arr temperature in degreas Fahrenheit during November (adapted from Ownbey, 1973
and U.S Navy, 1977).
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Figure 2-62. Mean < :a surface temperature in degrees Fahrenheit during Noverricer, with approximate ice limits
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2.3 Electro-optical and Electromagnetic Conditlons

Electro-Optical (E-0) systems are playing an increasing role
in U:S. Navy cperational activities. Fleet environmentalists have a
growing requirement to support E-O systems and therefore a need f{for
understanding the interactions between E-O systems and the marine
environment. This introduction section provides some basic
background material on electromagnetic (EM) radiation, its
interaction with atmospheric constituents, and general types of E-O
systems of concern to fleet environmentalists. The primary sources
of the 1information provided here are: Electro-Optical Handbook
Volume I, AWS/TR-79/8062, Cottrell et al, 1979, and Proceedlings of

Workshop to Standardize Atmospheric Measurements in  Suppocrt of

Electro-Optical Systems, UDR-TR-83-71, Huffman et al, 1983.

2.3.1 E-O/EM and the Atmosphere as a Mecdium

E-O and EM systems respond to electro-magnetic radiatlon as
a sensed stimulus. The atmosphere interferes +to various degrees
with these systems because it interacts with both the source and
propagation of radiation. The interaction depends on the
atmospheric constituents and the radiation wavelength. This
handbook addresses portions of the magnetic spectrum from visikle
through microwave wavelengths (@.74 micrometers through 14.8
centimeters). Tablie 2-1 provides categories of sensor wavelengths,
general types of systems, and significance ¢f adverse weather

elements.
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Table 2-1. Electro-Optical and Electromagnetic Systems
and significance of Adverse Weather Elements as a Function
of Sensor Wavelength Categories (after Cottrell et al,

1979},
+ : + + ¥ -t
; 1 MICROWAVE ¢ ! FLIR ! VIDICON T.V. |
] 1 [} ¥ ) :
! ! H ' H EYE i
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! H ! i INFRARED ! !
! WAVELERETH | ' i H '
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i DRY : ; H i
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There are four atmospheric physical processes which affect
electromagnetic (EM) radiation: reflection, scattering, absorption,
and emission. The type and size of the atmospheric constituents,
gaseous molecules and particulates (dust, haze, smokes, fogs, o¢ther
aerosols, cloud droplets, and precipitation) affect the propagatiorn
of radiation. The influence on various wavelengths is determined by
the relationship between the size of the atmospheric constituents
and the wavelength of the radiation. This relationship, referred to
as the size parameter, is stated as:

2nr
size parameter = ----~------------——-

radiation wavelength

where r is the particle radius.

Reflection takes place when the size parameter is greater
than approximately 14, that is, when the wavelength is much smaller
than the particle radius. Scattering causes such phenomenon as the
blue sky on clear days and the milky sky on hazy days. The blue sky
results from preferential scattering of the short visual wavelengths
{blue) of sunlight by molecules in the atmosphere, known as Rayleigh
scattering. Larger particles such as cloud droplets, dust, haze,
and smoke particles, which have a size pa’ameter near one with
respect to visible light, scatter all the visible wavelengths and
cause the sky to appear white or milky. This scattering of the
sunlight is called mie scattering. Absorption takes place on the
molecular scale and occurs selectively with respect to wavelengths,
Each absorbing constituent of the atmosphere (mainly water vapor,
carbon dioxide, ozone, and oxygen) absorbs in specific wave length

intervals, which are referred to as absorption bands. Radiation at
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other wavelengths is not significantly affected by that constituent.
Emlssion is the emitting of electromagnetic radiation (for example,
a flashlight beam or the heat from a household radlator). The
process operates on the molecular scale, and every constituent of
the atmosphere or earth emits radiation. However, emission occurs
selectively with respect to wavelength, therefore the amount of
energy emitted at a given wavelength may not be significant.

The bulk or fundamental atmospheric parameters of concern
in E-O/EM forecasting are temperature, pressure, humidity, and wind.
These elements determine the refractive index, absorption in the
infrared, and the size and contribution to refractive 1index of
atmospheric aerosols. Low-level proflles determine the atmospheric
stability, which influences turbulence Weather elements such as
drizzle, rain, and snow can severely limit the performance of all of
the E-O/EM systems.

Optical turbulence, which degrades laser imaging systems,
results from small-scale temperature and humidity £fluctuations
associated with atmospheric turbulence or mixing of air of different
temperature and humidity. This turbulence causes fluctuations in
the optical refractive 1index in the atmosphere. The turbulence
parameter that is related to laser system performance is known as
the refractive index structure parameter, 1labeled C2n, which is a
function of temperature and humidity structure parameters. The
turbulence or eddies that are of concern to lasers are very small,
on the order of 10 to 20 cm.

The marine atmosphere can be divided into two layers: the
marine planetary boundary layer (MPBL), and the free atmosphere.
The MPBL is typically on the orxder of 1 km thick, well mixed, and

topped by a stable marine 1inversion. The free atmosphere is
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controlled by large-scale highs and lows. The surface effects exert
l1ittle 1influence on motion in the free atmosphere. With the
exception of clear air turbulence, there is little turbulence and
therefore only weak fluctuations in optical refractive index and
consequently low values of C2yx. In contrast, the MPBL is only
weakly influenced by large scale patterns and is heavily influenced
by surface effects. The primary surface effects are heating or
cooling and friction. Surface ef.: cts cause the MPBL to be highiy
turbulent, and therefore large values of C2?n are encountered. The
larger the C2n value the greater the degradation of laser systems.
E-O st in the visual through infrare wave th can
be classified as either broadband or laser (narrow line) types.
Broadband means to extend over a range of wavelengths, such as
visual or Iinfrared systems. A weapons system may combine both
broadband and laser components e.g., a T.V. or forward looking
infrared (FLIR) system used to 1locate a target that 1is then
designated (illuminated and tracked) with a laser. Environmental
support of combined systems would require consideration of the
atmospheric parameters affe~ting the wavelengths of each of the

systems.

2.3.2 Comments on E-O/EM Systems and Atmospheric Interactions

This section addresses some general E-O/EM systems and atmo-
spheric interactions of concern to the fleet environmentalist.

Visual Systems: (E-0) Cameras and human eyeballs are visual

systems that require cloud-free line-of-sight between the sensor and
target. Furthermore, reduced visibility due to scattering and

absorption bv “aze, fog, and precipitation limit the capabilities of
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visual systems. Also, each visible system requires a minimum level
of 1lluminatlion.

Infrared Systems:(E-0) Lasers and Forward Looking 1Infrared
Radar (FLIR) are active and passive systems, respectively, that
operate in the infrared wavelength and require cloud-free 1line-of-
sight to the target. Some lasers can penetrate thin cloudiness, and
passive infrared systems may detect hot taxrgets through thin clouds.
Haze, fog, and precipitation degrade the transmission of energy at
near infrared wavelengths. Systems operating at 1longer infrared
wavelengths are degraded by absorption of energy by atmospheric
water vapor.

Millimeter/Microwave Systems: (E-M) Radar and microwave
system performance is degraded by two main atmospheric factors:
Heavy cloudiness (thick cloudiness with large droplet distributions

of near-precipitation-sized particles), and precipitation.

2.3.3 Specific categories of E-O/EM Systems

2.3.3.1 High Enerqy Laser

Atmospheric conditions degrade High Energy Laser (HEL)
system performance by reducing fluence (enerqgy density per unit time
deposited on the target) on the target in a variety of ways:
aerosols and water vapor absorb energy, atmospheric turbulence
spreads the beam fluence, and atmospheric turbulence also causes the
beam to wander off its intended target (Burk et al, 1979).

Environmental conditions such as heavy rainfall and fog-

induced 1low visibility can reduce the effectiveness of HEL systems
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to a point that precludes operation of such systems. Goroch and
Brown (19886 produced a climatology of the frequency of occurrence
of adverse weather conditions which would preclude operations of the
HEL system. They fcund that the area of the Yellow Sea, Korea, and
the southern BSea of Japan experienced relatively high rates of
lirmiting weather conditions, with £fog being the most £frequent
factor. Their findings indicated 1limiting wvisibility conditions
frequency of about 2% in winter and 16% in summer.

In general the highest rain rates occur in the tropical
zones (short periods of intense rain under convection cells), while
higher latitudes tend to experience 1longer periods of relatively
light rain. The dense fog cordition tendency is reversed with an
increase in frequency with latitude (especially over the northwest
Pacific). Local conditions related to upwelling and SST gradients,
as well as the large-scale surface flow pattera, result in
relatively high fog frequencies over the mid and sub-polar latitudes
of the northwestern Pacific. Degraded HEL performance potential can
be 1related to the climatology patterns of heavy rainfall and dense
fog. Day-to-day performance will be influenced by these same

conditions.

2.3.3.2 Forward Looking Iinfrared

The Forward Looking Infrared (FLIR) information presented in
this handbook was taken from the Naval Environmental Prediction
Research Facility (NEPRF) technical report 81-86, Climatology of
"nfrared anges in Pacific Ocean Regions of Northern Hemisphere
(Goroch and Brown, 1981). This <climatology was computed for a

nominal FLIR sensor attempting to detect a broadside cruiser target.
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Expected range and standard deviations by month are available in
thlis referenced report.

The basic concept of thermal sensing, such as FLIR, 1is the
detection of a target by a thermal detector which senses or
perceives a temperature difference (contrast) between the target and
its background. The temperature differences result from solar
heating ({insolation) ox cooling by the ambient wind. The sensed or
perceived contrast by the detector is diminished by the atmosphere
between the source (target and its background) and the receiver (the
infrared detector). The loss of contrast is termed the
transmittance. The strongest reduction in contrast occurs during
fog or precipitation. Wwhen visibility 1is 1less than 1 km, FLIR
ranages can be considered the same as the visibility.

These absorption characteristics give the FLIR ranges a
close relationship to the general atmospheric circulation patterns.
In general there is a latitude-FLIR range correlation (increasing
range with increasing latitude) reflecting a change from the warm
moist stable equatorial area, to the cooler drier but variable mid-
latitudes, and finally the cold dry polar regions. Effects such as
continental outbreaks, stratus and fog regimes, wupwelling, and
oceanic currents and associated areas of cyclogenesis result in
extreme variability of FLIR ranges over near coastal waters.

In the infrared wavelengths (3.4 to 5 micrometers and 8-12
micrometers) the absorption by water vapor is generally the primary
effect. Absorption by aerosol particles is normally of secondary
importance. However, under conditions of atmospheric 1low water
vapor content (low temperature and/or relative humidity) the aerosol
absorption becomes dominant, The open north Pacific Ocean

climatclogy of FLIR has the following general characteristics:
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(1) Increases from equator northward through mid-latitudes.
Winter: Equator 19-15 km
49-580N 36-35 km
Summer: Equator 19-15 km
na2ar 6@°N 386 km

(2) Summer equatorial type ranges extend into mid-latitudes
in central and western Pacific. Reflects the northward
advection of warm/moist eguaterial air over western
Pacific.

(3) The wvariability of ranges increases with latitude and
near ccastlines. Reflects the variation of the general
weather patterns and specifically the associated
variations in temperature, relative humidity, and
pressure.

FLIR climatology for the area of Japan and surrounding seas
is strongly influenced by coastal, as well as seasonal and
latitudinal changes. The result is significantly 1large variations
in FLIR ranges over most of this area on both seascnal and daily or
synoptic time scales. FLIR ranges &nd variations over the arer
south of ahout 40°N correlate highly with the monsoon patterns.
Equatorial values, near 15 km with about 2 km wvariations, occur
during July and August under the fu'ly developed Southwest Monsoon.
Mid-latitude ranges of 25 to 30 km with variations of 18 to 20 km
are found dJuring December through March reflecting the Northeast
Monsoon and migratory systams. Noxrth of about 480N the FLIR ranges
reflect the general middle and high latitude patterns averaging from

20 to 39 km, but are extremely variable with variations approaching

the average values,

2.3.3.3 Radar _and Microwave

The probiems associated with atmospheric refraction and
anomalous propagation o¢f radar and radio waves have long been

recognized by the U.S. Navy. The development of the computer-—-based
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IREPS (Integrated Refraction Effects Prediction System) by the Naval
Ocean System Center (NOSC), originally on Hewlett-Packard 9845
computers aboard selected ships, has significantly enhanced
refraction index forecasting. General discussion of refraction and
related conditions are addressed in several Navy standard training
manuals including the Aerogqraphic's Mate 1 & C training manual.

The refractive index N is defined as the ratio of the speed
of propagation of an electromagnetic (EM) wave in a vacuum to that
in the actual atmosphere. Refraction is the bending of waves due to
a change in density of the medium through which they are passing,
the atmosphere for our purposes. Under standard, oxr "normal",
conditions the density of the atmosphere decreases at a gradual but
continuous rate with altitude. This density change is a function of
decreasing temperature, humidity, and pressure and results in a
rate—-of-change of N of 12 units/16086 ft. When non-standard
temperature and humidity vertical distributions occur the rate-of-
change of N becomes non-standard too.

The speed of propagation of an EM wave in a vacuum f{s
greater than in air. Therefore, under normal conditions with
decreasing density with height, =M waves travel faster at higher
levels in the atmosphere than at lower. The result is that as a
wave front, with some vertical extent, moves through the atmosphere
the upper portion moves fastest and results in a downward bending or
refraction of the wave front. The standard refraction rate however,
is 1less than the curvature rate of the earth's surface. The end
result is that under standard atmospheric conditions the wave front
gradually moves away from (to higher altitude) the earth's surface

but at a lesser rate than a line tangent to the earth's surface.
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In the real world the atmosphere is seldom, if ever,
standard. The actual refraction 1is typically slightly greater
(super refraction) or less (subrefraction) than standard. Certain
conditions occur which disrupt the standard temperature and humidity
distributions to the extent that a significant degree of EM wave
bending occurs and the wave becomes trapped within a 1layer of the
atmosphere. This occurs under conditions of increasing temperature
or sharply decreasing humidity with increasing altitude (as with an
inversion). An~malous propagation (AP) of the radar or microwave
energy will then take place. The energy trapped within the 1layer
will provide extended ranges in the layer or duct, but reduced
ranges will result In the reglion which the waves were refracted away
from.

There are three general types of ducts: 1) elevated ducts,
2) surface-based ducts that extend down from elevated trapping
layers, and 3) evaporation ducts.

Elevated ducts primarily affect airborne operations. They
are the result of moisture layers and/or elevated temperature
inversions. They may be found anywhere from the surface tc 20,000
£t or more, but are most common below 10,0088 ft.

Sur face-based-ducts can result in extended detection,
intercept, and communication ranges for all frequencies above 1089
MHz (Petit and Hamilton, 1984). These extended ranges presuppose
that both the transmitter and receiver are 1in or near the duct.
Surface ducts typically are found under the southeast quadrant
(northern hemisphere), northeast quadrant (southern hemisphere) and
near the center of high pressure systems.

Evaporation ducts are created by strong negative vertical

water vapor gradients {(i.e., water wvapor rapidly decreases with
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height). Normally they occur within 188 ft of the surface and tend
to extend ranges for surface-to-surface systems operating above 3
GHz.

Meteorological factors affecting evaporation duct height
climatology for 10 Atlantic ocean weather stations was studied by
Sweet (1980). Some general observations from this study are
considered applicable to the general problem.

{1) Ev2pocration duct heights are normally within 108 ft of
che sea surface.

+2) FEvaporation duct heights increase as latitude de-
creases. Medlian annual duct heights (the height
exceeded half the time during the year) ranged from
about 586 ft at 359N to about 280 ft at 55°N and remained
nearly constant to 620N, the northernmost station in
the study.

(3) Increased air and sea surface temperatures result in
higher duct heights.

(4) 1In mid-latitude, maximum duct heights occur during late
fall and early winter. Minimum duct heights occur in
late spring and early summer.

(5) Stronger winds result in higher duct heights.

(6) Sea surface temperatures greater than air temperatures
result in higher duct heights.

Helvey and Rosenthal (1983) conducted a study to define ways
of inferring refraction conditions from synoptic parameters.
Consideravle scatter or variation in duct conditions was found when
attempting to correlate synoptic conditions with refractive
conditions, resulting in an acknowledgement in the report that the

procedures developed should be considered tentative interim

guidance.
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Seasonal histograms of duct heights (taken from the Tactical
Environmental Support System (TESS) data base) are included for each

geographic area.

2.3.4 Forecast Aids for Elevated and/or Surface Based Ducts

The following synoptic features and inferred elevated
trapping layer (ETL) indicators are provided for assistance in
forecasting ETL conditions for the current time at remote sites.
When coupled with forecasting of synoptic or climatological
patterns, these inferences can also be helpful in forecasting future

ETL conditicns.

(1) The strongest and most persistent inversions and
assoclated refractive layers occur in the equatorward half of
subtropical oceanic highs, particularly the southeast quadrant in
the northern hemisphere and northeast gquadrant in the southern
hemisphere.

(2) Tracking westward under the equatorward half of the
subtropical highs, convection related to warmer SST results 1in a
progressively higher and weaker inversion (and refractive layer)
with a correspondingly deeper marine layer.

(3) Changes from fog through low stratus areas to higher
stratocumulus and cumulus areas infer a higher and weaker inversion.

(4) Ocean currents influence the thickness of the marine
layer. Warm currents, such as the Kuroshio of the western north
Pacific weaken and increase the thickness of the marine layexr while
the cold currents of the northwestern and eastern portion of the
north Pacific intensify and reduce the thickness of the marine
layer.

(5) Because 1inversions and ducting are associated with
subsidence and stable layers, therefore highs rather than lows, the
frequency of ducting shows a strong correlation with SLP. When the
SLP is below 1809 mb, the probability of ducting is very low (<16%)
while with SLP >1820 the probability approaches 50%.

(6) Duct frequency versus surface wind direction 1is at a
minimum for S through WNW winds and a maximum for NNW through SE
winds.

(7) Duct frequency increases as the temperature difference
between the surface and 780 mb decreases. Small differences
indicate a stable atmosphere (high frequency of inversion and ducts)
and large differences indicate an unstable atmosphere and convective
activity (low frequency of inversion and ducts).
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i P ction tandard Refractive Conditions

(1) Area of concern 1s located within the northwest quadrant
of subtropical highs or northern half of migratory highs.

(2) Under or immediately following an active front.

(3) Area of cyclonically curved isobars.

(4) Close to a low pressure center.

(5) Surface pressure less than 1866 mb.

(6) Cold air aloft, 700 mb temperature less than -16C.

(7) Presence of cumulus and deep convective clouds.

(8) Unstable, windy conditions.

(9) Open celled clouds behind frontal systems.

Forecast Aids for Duct Height
(1) The maximum £frequency of oceanic ducts occurs in the

4,000 to 6,000 ft layer.

(2) A secondary frequency maximum occurs between the surface
and 2098 fc when the SLP is >1018 mb and surface winds are <6 kt
(near centers of highs).

(3) When a migratory upper-level trough replaces a
anticyclone, strong low-level ducts are likely to become weak ducts
near 10,0006 ft within a 48-hour period.

(4) Within oceanic anticyclones, duct heights vary by about
3000 ft from the lowest level in the SE quadrant to the highest in
the NW quadrant.

(5) In addition to synoptic wvariations there are general
latitude variations. On the average ducts are higher in lower
latitude (over warmer water) and 1lower towards the poles (over
colder water).

(6) There is a tendency fcr the mean elevated duct heights
to increase with increasing SST. Table 2-2 provides approximate
mean duct heights for areas within 3080 n mi of the center of highs
for SST intervals.

Table 2-2. Approximate Mean Elevated Duct Heights (Zp) for
areas within 398 n mi of highs for Specified Sea Surface

Temperature Intervals (Helvey and Rosenthal, 1983).

it T e et D P - +
| Sea Surface Temperature (SST) | Height MSL (Zo) |
e bt T e e et e e P fomm e |
| (c) | (F) | {m) | (£t) |
Fomm e fmmm e mm e et e e e +
! 5~ 1 | 41-45 | 1069049 | 3300 |
| 8-10 ! 46-50 | 1200 | 3900 |
| 11-12 | 51-55 | 1300 | 4300 |
[ 13-15 I 56-69 | 1409 ! 4600 |
| 16-18 I 61-65 | 1500 | 4900 |
| 19-21 | 66-~70 | 1600 | 5206 |
| 22-24 | 71-75 | 1700 | 5600 |
| 25-27 | 76-89 | 1809 ! 6200 i
| >27 I >80 i 2000 | 66009 |
e e Fommm e frmmm e +
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(7) A best fit linear regression for optimum coupling height
{OCHT), where OCKT is defined as the altitude at which
electromagnetic energy is most effectively "coupled" into the duct,
is:

CCHT (m) = 42 (SST in ©C) + 743

Example: SST = 280C

OCHT = 1583 m
Based on 5 year study by Ortenburger, L. N. et al. (1978) of GTE,
Sylvania, Electronic Systems Group, Western Division, Mountain View,
California.

Forecast Aids Based on Satellite Interpretation

(1) The areas of open cells, to the rear of fronts, indicate
unstable conditions and therefore are likely to have near-standard
propagation conditions.

(2) Areas of closed cells indicate stable conditions, and
inversions and ducting are probable.

(3) Areas of smooth 1low-level stratus are 1likely to be
topped by a 1lew-level inversion, and ducting is likely (may be
surface-based).

(4) The appearance of ship condensation trails indicates a
strong shallow marlne layer and probable surface-based ducts.

(%) Frontal bands imply strong winds, well mixed atmosphere,
and near~standard propagation conditions.

(6) Over the region where the closed ceils become smaller
and change to smooth continuous structures the inversions and duct
heights will be lowering.

{(7) In regions of offshore £flow where <clear conditions
extend seaward and change to 1lighter gray shade areas and then
smooth stratus type clouds, surface-based ducts are likely. These
areas are under the influeitce of high pressure and subsidence.

(8) In regions of offshore flow where distinct cloudlines
are seen forming, near-stardard propagation conditions are probable.
The areas generally have well mixed and unstable atmospheric
conditions.

(3) Improved visibility, EM ranges, and weakened low level
inversions are typically found in the lee of mountainous islands.
In visual imagery then areas will appear darker than surrounding
areas, unless they are in a sungliut area in whicn case very bright
return will be seen if surface winds are light.

(18) Cornering effects result in increased winds,
convergence, cloud development, and typically degraded visibility
and EM conditions. Cornering effects occur where moderate or
stronger winds blow around islands or points of land.

(11) Increasingly lighter gray shades over water areas imply
increased atmospheric humidity and/ox aerosols and reduced
visibitity and EM ranges.

(12) When smoke plumes from coastal facilities can be seen
extending for some distance in satellite imagery or by eye, a
temperature inversion is 1likely near the top of the smoke plume
level.
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(13) The SST gattern in shallow coastal water areas will
exhibit a strong seasonal reversal relative to the deep water SST.
Coastal waters tend to be hot in summer and cold in winter and will
modlfy the atmosphere above it and the EM conditions. Summer heating
provides well mixed and near normal conditions. Winter cooling will
stabilize the 1lower levels zresulting in low level inversions and
generally reduced EM ranges.

2.4 Qcean Acoustics

A complete review of ocean thermal and acoustic properties
and resulting sound propagation characteristics is beyond the scope
of this handbook. The subjects are addressed in a number of training
and information manuals, including general information 1in the
Aerographer's Mate Training manuals and area specific information in
Special Publication 3168-NP7. Application programs are also

available on the Tactical Environmental Support System (TESS).
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3.0 SEA OF JAPAN

3.1 Regional Features and Their Influence on Weather Phenomena

The Sea of Japan, with an areal extent of some 391,169 sq mi
and average depth of 5,468 ft (1,667 m)(Newspaper Enterprise
Association 1Inc., 1978), 1is nearly surrounded by mountainous
terrain. Although not landlocked, the sea is accessible only by
four narrow straits: the Tsushima (Korea) Strait between Japan and
Korea, the Tsugaru Strait between the Japanese islands of Honshu and
Hokkaido, the Soya (La Perouse)} Strait between Hokkaido and Sakhalin
Island, and the Tartar Strait between Sakhalin Island and the Asian
continent (Figqures 3-1 and S-3-1, page 3-3).

The coastal mountains of Korea and the USSR pose significant

.barriers to air flow along the western shoreline of the Sea of

Japan. Beginning in the northern portions of eastern USSR with the
Sikhote Alin Range, the coastal mountains extend southward through
eastern Manchuria and into Korea. Elevations are in the 1,648 to
6,562 ft (506 to 2,980 m) range in the Sikhote Alin Range, with some
peaks in the Nangnim Sanmaek Range of Korea exceeding 8,282 ft
(2,500 m).

The mountains of Japan and Sakhalin 1Island border the
eastern and southern shorelines of the Sea of Japan. Sakhalin
Island has ridge lines oriented primarily north-south with
elevations of 1,640 to 3,281 ft (500 tc 1,000 m) predominating with
a few peaks exceeding 3,281 ft (1,000 m). Japan has three mountain

ranges which form a series of backbones running through the islands.
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Figure 3-1 Mayor topographic features surrounding the Sea of Japan {adapted

from Nestor, 1977}
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FIGURE S-3-1. REGIONAL VIEW, SEA OF JAPAN. 23 OCT 179
OSAN AB Visual DMSP: TN: 23/8137 GMT

Synoptic Features: An elongated bubble 1824 nb high enclrclez the
Japanese Islands resulting in generally clear skies.

Satellite Features:

1. The general lack of organized cloud features throughout
this field of view reflects the dominate high pressure system and
area wide weak gradients. The ability to envision fair weather
areas, because of the lack of cloud features, can sometimes be as
useful as knowledge of bad weather (not labeled).

2. Increasing westerlies to the north are reflected by the
lines of clouds off western Hokkaldo and the upslope clouds and
following wave clouds over the island.

3. The presence of a low level inversion over the colder
waters east and north of Hokkaido are reflected by the wave patterns
in the patches of stratus over that area.

4. The cloud 1lines extending northeastward from the
Tsushima/Korea Strait reflect the land breeze fronts off Korea and
Honshu., Ideal conditions for land breezes would have existed during
the night before this late morning pass as the center of the bubble
high with near calm gradient winds and clear skies passed over the
southern Sea of Japan.

Forecast Aids:

1. When cloud patterns are widely scattered, disorganized,
chaotic, and non-threatening appearing, weather conditions are
generally fair and winds are light.

2. Local effects, such as land/sea breezes may in fact be
enhanced during these periods of lack of large scale forcing.

3. Low level inversions are likely to exist over the cold
water areas of the northwestern Pacific unless there is evidence of
cold air advection (open celled cumulus) over the region.

4. TIf strong 1land bieezes occurred during the late
night/early morning, strong sea breezes are likely the next day
unless the large scale forcing changes.




The principal mountain chain, the Japan Alps, 1is located in the
central section of Honshu. The Alps average some 4,921 to 11,483 ft
(1,568 to 3,568 m) in elevation, with Mt. Fuji, the highest peak in
Japan, reaching 12,388 ft (3,776 m). The mountains of northern
Honshu average 4,921 ft (1,568 m) with the highest peak reaching
6,693 ft (2,848 m). Southwestern Honshu is less rugged, with the
highest peak reaching only 5,620 ft (1,713 m). The 1island of
Shikoku, however, immediately adjacent to southwestern Honshu, has
one peak reaching 6,496 £t (1,986 m). Tie second major mountain
chain in Japan 1is comprised of the mountains of Hokkaido. They
exceed 1,640 ft (500 m) with several areas exceeding 3,281 ft (1,000
m) and one peak reaching 7,513 ft (2,290 m). The third major chain
is on the Japanese island of Kyushu. The mountains of Kyushu are
not as impressive as those of the Japan Alps since the highest peak
is only 5,866 ft (1,788 m), but they are significant. Accoxrding to
NOCD, Atsugi, (1988), "...the southern Honshu-Kyushu area is noted
for 1its frontogenesis and cyclogenesis effects due in part to the
mountains of Kyushu."

Most of the mountain barriers surrounding the Sea of Japan
are oriented primarily north-northeast/south-southwest and have
considerable influence on the climate and weather patterns of the
Sea of Japan. Air masses, frontal systems and upper air features
are all affected by the mountains, with some being significantly
altered when passing over them. The veering of low level winds at
land stations during frontal passage is frequently masked or delayed
when the reporting station is in a valley with a northeast-southwest
orientation, causing a misinterpretation of frontal velocity by the

inexperienced environmentalist. The tracking and forecasting of any



pressure system moving through eastern Asia is made difficult by the
rugged terrain. Most surface wind directions reported by land
stations throughout the area are unreliable when the speed 1is less
than 15 kt. Temperatures and dew points can be misleading due to
the complex topography. As documented by FWC/JTWC (1978),
"Successful and accurate surface frontal analysis can only be
achieved by careful analysis of the 858 mb level. At this level the
elements of wind direction, temperature, dew point, etc., are
relatively more accurate" and discontinuities between air masses are
easily seen.

Other forecasting problems are caused by the geography and
topography of the area. The barrier formed by the Sikhote Alin and
Nangnim Sanmaek ranges affects all pressure systems moving
southeastward to the Sea of Japan. Strong dynamic troughs are
formed on the leeward side of the coastal ranges, becoming very
intense with strong zonal flow aloft and strong northerly winds
channeled through the Ussuri River Valley (west of the Sikhote Alin
mountains).

The mountalns of Japan have a profound effect on passing
weather systems. Extratropical cyclones rarely cross the 1islands.
Instead, they move up the northwest coast of Japan or skirt south of
Japan before moving to the northeast. Frontal systems associated
with these cyclones usually follow a definite pattern. A warm front
will "hang up" in the mountains, causing an occlusion as the faster
moving cold front overtakes it. Cold and occluded fronts are slowed
on the up-slope of the Kyushu mountains and accelerate on the down

slope, where they may lose almost all typical weather and cloud
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characteristics as the cold air is warmed by adiabatic compression.
When these "dry" cold fronts reach the warm Kuroshio Current {(Figure
2-4, page 2-11) they regain molsture and reintensify (FWC/JTWC,
1978).

The Sea of Japan itself exerts a strong influence on the air
masses which pass over it. In winter, c¢old air from the Asian
landmass gathers moisture as it .moves over the relatively warm
water, resulting in considerable instability, cumulus clouds and
snow shower activity (Figure 8-3-2). This sequence of events
accounts for much of the snowfall on the windward shores of Japan.
During summer, the warm tropical air brought northward by the
monsoonh is cooled, causing stable conditions such as fog and haze.

River drainage into the Sea of Japan 1is minimal. While
several small rivers around its periphery contribute a small amourt
of fresh water runoff, no major rivers have mouths on the Sea of
Japan. Two of the three largest rivers of Japan terminate in the
sea, with one each on the west coasts of Honshu and Hokkaido. But
the longest, the Shinano on Honshu, is only 229 mi long so the flow

is not a significant influence on the climate of the region.
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FIGURE S5-3-2. WINTER COLD OUTBREAK. 6 FEB 89
Visual DMSP: DN: @6/06006 GMT

Synoptic Features: A large 985 mb low centered about 988 n mi east
of northern Japan and an intense 10664 mb Asian *“igh are causing
strong northerly flow and an outbreak of cold air over the Sea of
Japan and adjacent seas.

Satellite image Features:

1. The widespread numerous cloud lines vividly depict the
intensity of this cold air outbreak. Air temperatures at or below
freezing covered the entire Yellow Sea, Sea of Japan, Sea of
Okhotsk, and portions of the open Pacific north of about 469N on
this day in February 1988. Ship observations report sustained
surface winds were in the 28 to 4@ kt range near the time of this
image.

2. The 1local funneling patterns of valleys and breaks in
the terrain are clearly indicated by the length of cloud free paths
seaward and downwind from the terrain features. Cloud free paths
are shorter downwind from valleys or 1low elevation terrain where
minimum drying of the air occurs during flow down the terrain slope
to sea level (Streten, 1975).

3. Small scale vortlces, 1likely generated by terrain
induced horizontal shear, are evident in the northern Sea of Japan.

4. The buildup of clouds on the windward side, and
pronounced drying on the lee side is frequently seen over Japan and
off the Asian continent.

5. A change 1in the cloud pattern south and east of Japan
(extending east and west from a 1line between the two "5's")
indicates the change in low level flow from cyclonic to anticyclonic
curvature.

6. Continuing downwind 1in the area of anticyclonic flow,
the clouds take on a flat topped, closed cellular pattern, becoming
continuous smooth topped, layered, stratiform type.

7. Variations in the mean vertical wind shear through the
cloud layer result in three convective cloud regimes: (7a) Cellular
under light shear, (7h) transverse bands with moderate shear, and
(7c) longitudinal bands with strong shear.

Additional Comments:
1. The cloud lines change from lines parallel (longitudinal

bands) to the wind shear through the cloud layer (like area 1 and 2)
to rows of clouds perpendicular (transverse bands) to the wind shear
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{axrea 7b) in several areas of the image indicating weakening shear
through the cloud layer (Tsuchiya and Fujita, 1967).

2. The 1length of the cloud free path increases with an
increase in the upwind terrain height and decreases with the
strength of the winter monsoon. These relationships are a result of
increased drying of air during extended downslope flow and enhanced
thermodynamic effects (moisture flux and heating from below) during
extreme cold and high wind conditions of strong outbreaks.

Forecast Aids:

1. The intensity of c¢old air outbreaks is reflected in
satellite imagery by the convective cloud regimes. Areas cf strong
outflow are marked by longitudinal bands, the stronger the outbreak
the longer and wider the longitudinal bands.

2. Over the western Sea of Japan, the length of the cloud
free path downwind from the western coastline will vary from less
than 280 n mi under strong outbreaks to 1806~24¢ n mi under weak out-
breaks.

3. Opposite wvalleys and 1low terrain, the cloud free
distances will be relatively short compared to areas opposite high
terralin.

4. During winter outbreaks the dew points over USSR will be
below -200C, increase to about -18 to €0°C over Japan, and reach 1@°C
about 308 n mi south and east of Japan. Air temperatures will
closely reflect the SST except near the coastlines and over terrain
where lower air temperatures will reflect the source region and
elevation factors (Tsuchiya and Fujita, 1967).

5. The change from longitudinal to transverse to cellular
convective cloud patterns reflect decreasing wind shear through the
cloud layer. Typical values are: Shear greater than 4-5 kt/1000 ft
results in longitudinal bands, for 3-4 kt/1080 ft transverse bands,
and for less than 3 kt/1668 ft cellular clouds.

6. Under moderate or stronger outbreaks, light snow showers
will occur over the eastern Sea of Japan, increasing in intensity to
heavy showers along western Japan. Two regions of frequent enhanced
convective clouds and shower activity have been noted near 40°N,
135%E and off the northwest corner of Sado Island. These are likely
associated with preferred regions of orographically induced and air-
sea interaction enhanced mesoscale convergence zones, such as the
band of clouds extending westward from near the number 4 across the
Sea of Japan to just south of number 7b (Chou and Byerly, 1983) and
(Uemura, 1981).

7. Generally the 1length of the <cloud free path will
increase from the northern to southern portion of the western Sea of
Japan.
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8. Heavy snow will £fall over western Japan under cold
outbreak regimes, with deposits measured in feet over the western
slopes of mountalnous areas.

9. For E/O forecasts the best ranges will be in the regimes
of cloud free and shower free areas. Conditions will vary between
the alternating longitudinal/transverse bands. These bands have
width dimensions of 10 to 680 n mi with 20 to 38 n mi widths being
typical.

10. Improved E/O ranges in coastal regions will be found
downwind from high terrain, 1in the lee of island barrier effects,
and in the clear slots between cold bands.

11. A lee side pressure trough will typically be found off
the Asian coast during cold outbreaks, with pressure falls of 3-4
mb's typical.

12. During winter outbreaks the 1length of cloud free
distances to the 1lee of the Japan Islands is near zero where the
coastal Ta = @ and temperature dew-point spreads are small. As the
Ta decreases the cloud free path increases appreciably, reaching
lengths of near 280 n mi where coastal Ta's are -159C or less.

13. The wind profiles through the three convective cloud
patterns all tend to show maximum speed shear in the layers below
and immediately above the cloud layer. They differ in that through
longitudinal regimes the shear is near constant from the surface to
3 to 5040 ft, increasing from surface speeds to 68 to 78 kt near
3600 ft. Through transverse banding the speeds are near constant
through the cloud layer, while in cellular regimes the gspeed may
actually decrease through the cloud layer. 1In the latter two cases
(transverse and cellular) the resulting wind shears (just above and
just below with 1little or no shear through the cloud) may be of
greater threat to aircraft than the case of the continuous shear
through the longitudinal cloud layers (Tsuchiya and Fujita, 1967,

14. The changes in convective cloud regimes shown in
satellite 1imagery provides 1insights on forecasting 1low level
turbulence due to wind shear.
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3.2 Sea of Japan Oceanographic Features

The Sea of Japan 1is a marginal sea of the western north
Pacific. It is nearly surrounded by the 1islands of Japan and
coastal sections of Asia. 1Its openings to surrounding marginal seas
and the Pacific Ocean are via the Tsushima (Korea) Strait to the
south, Tsugaru Strait to the east, and the Soya (La Perouse) and
Tartar Straits to the northeast and north respectively. The
significance of the role played by these straits in both
oceanographic and operational matters warrants special comments
which are made in section 3.2.1 (page 3-31).

The oceanographlc features of the Sea of Japan are strongly
influenced by local bathymetry and physiography, climatic
conditions, the shallow straits, and the character of the
surrounding land masses. The surface waters show large variations
in response to the monsoons, river runoff, and currents, while the
deep waters display 1little change due to being cut off by the
shallow sllls from other deep water bodles. Flgure 3-2, from Fett
(1975), shows the major physical oceanographic features surrounding
Japan and Korea. A notable convergence zone is the zone of mixing
between the cold Liman Current and the warm Tsushima Current in the
Sea of Japan.

Special Regional Characteristics

The following hydrographic phenomena ars considered to have
significant potential for impact on naval operations:

(1) complex bathymetric features,

(2) opposing warm and cold ocean currents,

(3) a persistent strong ocean thermal frontal zone,
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(4) contrasting summer/winter stratified/destratified
thermal propertles north of the ocean front, and
(5) a general northeast-southwest allgnment of

features.

SOUTH
KOREAN
COASTAL
WATERS

Figure 3-2 Shows the major physical oceanographic features surrounding
Japan and Korea. A notable convergence zone is the zone of mixing
between the cold Liman Current and the warm Tsushima Currentin the Sea
of Japan (from Fett, 1975).

Complex Bathymetric Features: The Sea of Japan bathymetry

includes most of the major physiographic features of a major ocean.
The Jepan Basin and Abyssal Plain cover about one-quarter of the sea

bottom.
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Opposing Warm angd Cold Ocean Currents: Circulation in the

Sea of Japan is basically cyclonic. The cold Liman Current and the
warm Tsushima Current are the chief components of the circulation.
Both are rather slow (generally less than 1 knot) and broad. The
Tsushima Current enters the sea through the Korea Strait, with the
major branch flowing north along the Japanese 1Islands. Smaller
branches move up the Korean peninsula (East Korean Warm Current)
and, more diffusely, through the middle of the Sea of Japan. The
currents coalesce at approximately 46°N on the eastern side of the
Sea and continue northward along the Japanese coast. The greater
vortion of the flow in the sea subsequently leaves through Tsugaru
and Soya Straits after mixing with cool water from Tartar Gulf. The
Tartar Gulf water combines with Siberian runoff and forms the Liman
Current flowing south along the Siberian coast. Cyclonic eddies are
common in the reqion between the currents.

Persistent Ocean Frontal Zone: The Japan Sea is divided into
a warmer sector on the Japanese slde and a colder sector on the
Korean and Siberian side (Figure 3-2, page 3-13 and Figure S$-3-3).
The boundary 1is marked by the oceanic "Polar Front", running
approximately along 38-40°N. The warm sector water is related to
the Tsushima Current and 1its extensions, the warm East Korea,
Tsugaru and Soya Currents. The cold sector is comprised of three
cold currents: Liman along the Siberian coast, North Korea from off
Vladivostok to the central east Korean coast, and Mid~Japan Sea Cold
Current which flows eastward into the central portion of the Sea of

Japan.
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FIGURE S-3-3., OCEANIC POLAR FRONT, SEA CF JAPAN. 25 MAR 83
USS ENTERPRISE (CVN 65) Infrared DMSP: TN: 25/1817 GMT

Synoptic Features: The major oceanic features are the Polar Front
extending eastward from Korea across the Sea of Japan to near 1399E,
the warm Tsushima Current that flows northeastward out of the
Tsushima/Korea Strait and then northward along the western coast of
Japan, and the cold Liman Current flowing southward along the coast
of the USSR.

Satellite Image Features:

1. The diffuse oceanic Polar Front is indicated by the gray
shade changes from near black (warm water) to medium gray (cold
water). The front extends eastward across the Sea near 40°N and
then turns sharply northward near 139°E.

2. There are about 6 shades of gray variations (re-
presenting a change of about 90C across the approximately 199-209
n mi wide frontal zone (not labeled).

3. A cold core eddy is seen just east of Korea near 390N,
1290E. Numerous filaments of warm and cold water intrusions are
seen along the frontal zone.

4. Due to 1low 1level heating, atmospheric convection
increases over the warm (dark) water. This is reflected by
increased clouds and vertical development over the eastern part of
the Sea of Japan.

5. The coldest water 1is seen in a narrow strip along the
USSR coast north of the vliadivostok area (Liman Current).

Forecast Aids:

1. The larger scale oceanic thermal features, such as
meanders, gyres, and eddies tend to persist longer and extend to
greater depths than the smaller filament type features.

2. In oceanic frontal zones the warm water is likely to be
a relatively thin 1layer over the cold water. An exception will
occur where cold, low salinity outflow from rivers will overricde
oceanic, high salinity water that is a few degrees warmer.

3. The oceanic Polar Front 1is a persistent year round
feature. During the latter part of summer and into autumn surface
heating will create a relatively shallow warm mixed layer and mask
the feature at the surface.

4., The water north of the front, when the front is clearly
evident in the infrared imagery, tends to be nearly isothermal.
Half-channel conditions exist. See section 2.4 for description of
half-channel.



The ocean frontal zone 13 found between these two
contrasting thermal zones. The front 1is a persistent year-round
feature 1located near 38-480N, about the same latitude band as that
of the oceanic "Polar Front™ of the Pacific east of Japan. Eddy
circulation patterns exist in the frontal zone with accompanying

large horizontal variations of physical properties.

Summer/Winter Jtratified/Destratified Therma Properties:
Large seasonal changes occur in the thermal properties of the Japan
Sea near surface waters. During late summer and autumn a
convectively mixed two-layer structure (stratified) condition
prevails. The cold northerly air flow of winter removes heat from
the near-surface layer destroying the seasonal mixed 1layer and
thermocline and results in surface-to-bottom homogeneity in the cold
sector north of the "Polar Front". 1In the warm sector a deep
thermocline persists throughout the year, because winter cooling is
‘not sufficient to completely remove the heat from the mixed layer
and destroy the thermocline. Basically, the constant inflow of
relatively warm water via the Tsushima Current and extensions
overcomes the winter heat loss from the water to the atmosphere.

The impact on deep water ASW conditions is that full-channel
conditions exist throughout the Japan Sea during summer and autumn
and year-round 1in the warm sector. During the winter and spring
half-channel conditions are found in the cold sector. Highly
variable conditions exist in the frontal zone throughout the year.
The frontal zone variability is in both the vertical and horizontal

planes as well as temporal frame. The year-round persistence of the
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frontal zone and related SST gradient results in it being a feature
that is observable in satellite infrared 1imagery throughout the
calendar year.

Northeast-Southwest Alignment: In general the large-scale
physiographic and thermal features of the Japan Sea are aligned
northeast-southwest. At the surface this 1is reflected in the
patterns of the ocean front, 1isotherms, and currents. The Yamato
Rise (Figure 3-3), the most prominent topographic feature in the Sea
of Japan, has a general northeast-southwest strike. This trend is
typical of the physiographic features and reflects the alignment of
the mountain ranges of the Japanese Archipelago on the east and
Korea and Siberla on the west.

Tides: The tides of the Sea of Japan have a very small
range. Along the west coast of Japan the tidal range is on the
order of a foot; it approaches 2 feet along the Siberia coast. The
maximum ranges occur in the Korea Strait and the Gulf of Tartar
where they reach 6 to 8 feet.

Tidal currents are quite strong through the various straits
when the tidal flow reinforces the normal easterly flowing ocean
currents. Speeds approach 3 knots in the Tsushima Strait, 3 to 4
knots in Svuya Strait, and 5 to 6 knots in the entrances to the
Tsugaru Strait.

Bathymetry: The sea floor of the central Sea of Japan area
between about 46-430N is dominated by the Japan Basin and Japan
Abyssal Plain (Figure 3-2, page 3-13). The Tartar Trough extends
northward through the center of the Sea from 449 to near S@°N.
South of about 4#0N, ridge and trough topography is predominant.
The continental shelf is very narrow throughout most c:Z the Sea,

except in thc extreme northern portion <(north of abou: 49-580N)
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where the entire sea cverlies the shelf. Steep bottom slopes (over
300) bound the ridge and trouq: features. The prominent 1indlividual
topographic feature in the Sea of Japan is Yamato Rise, which is
divided into the Kita-Yamato Ridge and Yamato Ridge by Yamato Trough
(Figure 3-2). All sides of the Rise are marked by steep slopes
(>200) except to the south which has small slopes. The majority of
the bathymetric features of the Sea of Japan, 1like the mountain
features of the bordering land areas, have a southwest/northeast
strike.

Japan Abyssal Plain varies in depth from 1,708 fathoms
(3,190 meters), near the coast of Siberia, to 1,990 fathoms (3,658
meters) at the base of the continental slope off southwestern
Hokkaido. Large areas of the sea floor on the plain are nearly
horizontal. Projecting through the sediment of the plain near
42.50N, 1369E is Bogorov Seamount, a north-south oriented, 45-mile
(75-km) long structure that is only 11 miles (18.5 km) wide.

Tartar Trough extends from the continental shelf near 499N,
between Sakhalin 1Island and Siberia, south to 440N where it is
terminated by a 508-fathom (90@-meter) drop to the Japan Basin. The
larqge, flat-topped seamount at 44°N, 138015'E and other small peaks
appear to be part of a structural dam holding back thick
accumulations of sediment to the north. Tartar Trough 1is bowl
shaped in the east-west cross section, and the division between the
trough and continental slopes is arbitrary in some places.

Currents: The warm Tsushima Current (Figures 2-4 and 3-2
pages 2-11 and 3-13) is the major current of the Japan Sea. It
originates southwest of Kyushu Island where it branches off from
Kuroshio Current, £flowing first through the eastern East China Sea

and then entering the Sea of Japan through the Tsushima/Korea
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Strait. As it leaves the strait a branch flows northward as the
East Korea Warm Current. This branch continues up the Korean coast
to near 380N where it turns to the northeast and merges with the
main flow. This main portion of the Tsushima current, about 288 km
wide, flows northeastward through the eastern portion of the Sea of
Japan. Near 41°N the current splits once more with one branch
flowing eastward through the Tsugaru Strait, the warm Tsugaru
Current, and the other branch continuing northward off western
Hokkaido and then eastward through the Soya Strait as the the warm
Soya current. Both the Tsugaru and Soya Currents tend to be
deflected to the right as they exit the eastern end of the straits,
following close to the eastern coast of Honshu and the northern
coast of Hokkaido, respectively. However, the outflow portion of
the warm Tsugaru Current is known to exhibit two principal
circulation modes, a warm-core anticyclonic gyre during the warm
season and the coastal flow mode during the coldcr months (Figure S-
3-4). This phenomenon will be addressed in detail in the Pacific
Ocean east of Japan section. The waters of the Tsushima Current are
about 280 m thick, while those of the cold currents are limited to

50 m or less.
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FIGURE S5-3-4. COASTAL MODE, TSUGARU STRAIT. 26 APR 84
OSAN AB Infrared DMSP: TN: 26/0685 GMT

Synoptic Features: The oceanic features of interest are the outflow
modes of the Tsugaru Strait and Soya (La Perouse) Strait and
resulting SST patterns. Also of note is the large meander in the
Kuroshio Current southeast of Honshu.

Satellite Image Features:

1. Warm water, indicated by a darker gray shade, extends
southward along the coast from both the Tsugaru and Soya (La
Perouse) Straits.

2. The cold waters (lighter gray shades) of the Oyashio
Current, seen seaward of the warm coastal Tsugaru outflow, extend
southward along the east coast of Honshu in about a 75 n mi wide
strip to near 37-380N.

3. East of the cold coastal strip, between about 37-420N
the warm Kuroshio and cold Oyashio waters mix and form the beginning
of the eastward extending perturbed zone.

4. Convective cloud lines have forwmed over the warmer water
east of Japan where the northerly flow is from over cold to warm
water areas.

5. The 1large meander in the Kuroshio Current which
periodically forms off southeast Honshu is evident in this image as
a cool {light gray) wedge shaped area.

Forecast Aids:

1. The Tsugaru Strait has two outflow modes, a coastal mode
during the weaker flow winter period and a warm cored anticyclonic
eddy flow during the stronger flow summer period. During the
coastal mode, as seen in this figqure, the warm water is limited to a
very narrow strip along the northeast coast of Honshu. During the
gyre mode, the warm water extends eastward to near 1430E. Beyond
the gyre position, throughout the year, the perturbed area between
the cold Oyashio and warm Kuroshio displays a variety of eddy and
filament configurations (Conlon, 1982).

2. The eastward flow through the Soya (La Perouse) Strait
is through the southern side of the strait and curves southeastward
along the Hokkaido coast once through the Strait. This results |in
the early clearing of ice from the north along that coast.

3. The SST patterns addressed in this image are below the
resolution of numerical model analyses or forecasts and therefore
must be detected in imagery or from local BT's
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4., Major characteristics of the large meander in the

Kuroshio which forms southeast of Honshu include (Strommel and

Yoshida,

1972):

A. The north-south translation of the Kuroshio 1is as
much as 208 n mi. Near 1379E, the Kuroshio axis is found
between 339N and 34O°N during periods without the meander and
as far south as 3#O0N with the meander.

B. The meander develops in rather short time, i.e., in
a few months.

C. The meander decays slowly, i.e, in several years.

D. The life of these meanders has been found to vary
from 3 to 14 years.
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Sea Ice: Sea lce begins to form in the Tartar Stralts around
mid-November. Sea ice starts to form in the northern part of the
Japan Sea in early to mid-February. The ports of eastern USSR are
ice bound for part of each winter. Vladivostok opens for activity
about mid-April (Figure S-3-5). Along the northern coast of Korea
sea ice is limited to coastal bays and harbors and in general does
not restrict shipping activity.

The duration of sea ice ranges from about 208 days in the
Tartar Stralt ports, to around 120 days along the Siberian coast,
and 90 days along the west coast of Sakhalin. The only year-round
ice free port on western Sakhalin is Kholmsk (see Figure 3-2, page
3-13) which is kept ice free by the influence of an extension of the

Tsushima Current.
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FIGURE 5-3-5. VLADIVOSTOK HARBOR, ICE COVERED. 26 FEB 84
CSAN AB Visual DMSP: TN: 26/8307 GMT (Expanded image)

Synoptic Features: Winter time offshore flow.

Satellite Image Features:

1. The harbor of Vladivostok is ice covered.

2. A narrow strip of coastal ice exists in the northwestern
Yellow gea.

3. The snow cover over mountainous areas is dendritic 1in
pattern, resvlting from the wvarying coverage over adjacent
ridgelines and valleys.

4. The snow cover over grasslands is of a dull gray nature,
the newer the snow the whiter, and cities and centers of activity
are seen as dark snow free areas. In forested areas, the snow cover
can not be determined.

5. The wave patterns seen in flow when an inversion exists
can be seen in both the cloud patterns and the gray shades which
reflect atmospheric moisture content at levels below that needed forx
cloud formation.

Forecast Alds:

1. The ice conditions of harbors, straits, and other points
of interest can bhe monitored in polar orbiting satellite imagery.

2. Knowledge of the underlying surface conditions, flat,
grass covered, forest, etc. must be known before correct
interpretations of snow cover can be made.

3. The wave patterns seen in clouds and gray shade areas,
imply the flow direction and the existence of an inversion.

4. Pin-point accuracy in griddirg satellite imagery can be
achieved by utilizing known positions of city locations in snow
covered, cloud free regions.

)
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Temperature and Salinity: The Japan Sea 1is divided into
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contrasting warm and cold sections which are determined by the
source of the two water masses. The warm sector, on the Japanese
side, originates from the Tsushima Current which is an extension of
the Kuroshio Current. Following passage through the Tsushima
Strait, the warm water flows east and north along western Japan. It
influences oceancaraphic, atmospheric, and 1ice conditions as far
north as Soya Strait (near 46©°N). The cold sector, on the Korean
and Siberian side, 1is formed due to the extreme loss of heat to the
atmosphere during winter plus the influx of river <runoff and ice
melt. The boundary of these two contrasting thermal sections,
typically located near 38-46O0N, is referred to as the "Polar Front".
The SST gradient of the frontal =zone 1is a distinct feature in
infrared satellite imagery throughout the winter and spring portion
of the year (See Figure S-3-3, page 3-15).

The waters of the Sea of Japan can be classified as surface,
middle, and deep water. The surface water extends to about 25 m and
during summer displays a strong thermocline between it and the
deeper waters. The temperature and salinity fluctuate widely in the
surface waters, 1in response to seasonal and areal factors. 1In the
Korea Strait salinity exceeds 35.8%°/eo in April and May and
decreases to 32.5%/ee in Augqust and September. Off the coast of
Hokkaido it only varies from 33.7 to 34.19/¢e. The summer sea
surface temperature (SST) is about 250C over the southern portion,
south of the Polar Front, and decreases to about 18°C over the
northern region; 1in winter it varies from 15°C in the Korea Strait
to 50C off Hokkaido, and near 09C along the Siberian coast. During

all seasons, the isotherms trend approximately northeast-southwest.
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The middle water is best defined in the warmer sector as a
layer of high temperature and high salinity below the surface water.
It originates from the Kuroshio Current intermediate layer and
enters the Sea of Japan during the period from the winter to early
summei. The middle water has a rather strong vertical decrease in
temperature. Throughout the Japan Sea there 1is a decrease in
temperature from about 179C at 25 m to near 2¢C at 280 m. The
thickness of the middle warm layer decreases from the warm to cold
sector, with the steeper vertical gradient of temperature found in
the cold sector. Middle water is the most salline water of the Japan
Sea, ranging from 34.5-34.8%/2e in the warm sector and about
34.1%°/00 in the cold sector.

The deep water is of extremely uniform nature. Temperatures
range from @ to B.59C and salinity from 34.% to 34.1?/we. The
source of the deep water is cold sinking surface water that forms in
the northern part of the Sea of Japan during February and March.
The shallow sill depths 1isolate the Sea of Japan deep water from
other oceanic basins. This isolation contributes to the uniform
characteristics of this water.

The surface and middle waters comprise a seasonal zone that
exhibits pronounced change in physical properties such as
temperature, salinity, density and therefore sound velocity. The
seasonal 2zone varies in thickness from about 59 to 568 m. Its
maximun vertical extent occurs in the warm waters in the southern
and eastern parts of the sea. The deepest penetration of the zone
i found in the Tsushima Current. North of the Polar Front che
seascnal zone i3 wiped out during the winter season. The largest

seasonal variations in surface water physical properties and sound
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velocities occur in the northern and western portions where the
seasonal zone has minimum summer thickness and totally disappears in

winter.

Sound Velocity Channel: The giross features of the sound

channel axis depth distribution are fairly persistent. A general
decrease in depth occurs from east to west and south to north. The
deepest axis of 588-60808 m occurs in the Korea Strait; in the area of
the Tsushima Current near the central Japan Islands the axis is
found near 309 to 489 m, and values off the Siberian coast range
from © to 288 m. The areal distribution of the sound channel axis
generally follows that of the isotherms, trending roughly northeast-
southwest., Pronounced changes in sound velocity occur in the
seasonal zones, Off Siberia and North Korea the large temperature
changes cause 4 to 5 m/sec differences in winter and summer sound
velocities. The sound channel axis and velocity are strongly
affected by the seasonal changes north of the Polar Front. South and
east of the front the sound channel axis lies essentially below the
season”! zone. In this area the major cause of change in sound
channel axis depth or velocity is largely dependent on the volume of
flow of the Tsushima Current. Increased flow (spring/summer) causes
deeper axis depth and increased velocity. The local maximums occur

later in the northern portions.
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3.2.1 BSea gtralts of the Sea of Japan

The Sea of Japan is a marginal sea that is bounded by the
Islands of Japan and portions of the Asian mainland. The sea
communication with the waters of the bordering marginal seas and
Pacific Ocean is limited to that through several shallow straits,
These straits may also play critical roles duxing naval operations.
In 1light of their importance from both an operational and
oceanographic view the straits of the Sea of Japan are addressed in
this special section.

The Sea of Japan waters interact with the East China and
Yellow Seas through the Tsushima/Korea Strait, with the main Pacific
Ocean through the Tsugaru Strait, and with the Sea of Okhotsk
through the Soya (La Perouse) and Tartar Straits.

The Tsushima/Korea, Tsugaru, and Soya/La Perouse Straits are
the primary straits in regards to oceanographic conditions. All
three have a common aspect in that they are the principal passages
of the warm Tsushima Current. The Tsushima Warm Current enters into
the Sea of Japan from the East China Sea through the Tsushima
Strait. After flowing into the Sea of Japan and subsequently moving
northward along the northwestern coast of Honshu (the main island of
Japan), the Tsushima Warm Current discharges much of its transport
into the Pacific Ocean through the Tsugaru Strait and the remainder
into the Sea of Okhotsk through the Soya Strait.

Technical Report No. 1, Survey of Sea Strait Data Around

Japan by C.J. Sonu under ONR contract NO@914-88-C-0039 1is the
primary :ource of information for this section.

T.ae Tsushima Current is considered to be an extension of the
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Kuroshio Current that branches off south of Kyushu Island and then
moves northward as the Tsushima Warm Current along the west coast of
Kyushu. The sea surface temperature pattern seen in the satellite
image supports this concept (Figure S-3-6 and simultaneous visual
image Figure $-3-7, page 3-36).

Developing the branching concept, the Tsushima Current can
be followed northward from its source area, past the west side of
the Goto Retto (Goto Islaﬁds or Archipelago), to a point south of
Cheju-do 1Island. Upon reaching this point the current splits into
two: the Yellow Sea Warm Current which veers northwest toward the
west coast of Cheju-do and the Korean Peninsula, and the Tsushima
Warm Current which veers eastwa.d bound for the East and Wwest
Channels of Tsushima Strait. As it approaches and subsequently
enters the strait, the Tsushima Warm Current mixes with coastal
waters on both of it flanks. Because the Tsushima mixes with water
masses of contrasting densities, the formation of fronts and rips is
typical of the mixing zones. Further, because the distribution and
characteristics of these coastal waters are highly seasonal, the
water mass composition of the Tsushima Current fluctuates

considerably by season.

|®




18 May 1980.

Kuroshio Split. Infrared

Figure 5-3-6.
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FIGURE S-3-6., KUROSHIO SPLIT, SIMULTANEOUS VISUAL (5-3-7) AND
INFRARED IMAGES (S-3-6). 18 MAY 80
OSAN AB Infrared DMSP: TN: 18/8136 GMT

Synoptic Features: The large scale oceanic surface thermal features
include: the Kuroshio split, the Tsushima Current flowing northward
from the split and then northeast through the Tsushima/Korea Strait,
the warmer waters of the Tsushima continue northward along the
eastern Sea of Japan with outflow occurring through first the
Tsugaru and farther north the Soya Straits. The warm outflow
through these two straits turns sharply southward along the
northeast coasts of Honshu and Hokkaido, respectively, in what Iis
referred to as coastal modes. East of Tsugaru Strait a small
portion of the perturbed area created by the converging cold Oyashio
and warm Kuroshio Currents can be seen.

Satellite Image Features:

1. The Kuroshio split just south of the southern most part
of Japan.

2. The northward flow from the split area of the Tsushima
Current.

3. The thermal contrast across the Tsushima/Korea Strait,
cold on the Korean side, warm on the Japan side.

4. The relatively warm waters on the east and south sides
of the Sea of Japan and cold on the north and west sides. The
minimum contrast of gray shades across the south central Sea of
Japan in this 1image 1is 1likely caused by masking of the surface
temperatures by the high level return from a cirrus band (Huh et al,
1982).

5. The outflow through the Tsugaru and Soya Straits. ©Ncte
that the thermal pattern from north to south across these two
straits is similar to that across the Tsushima, cocld cn the north,
warm on the south.

6. The warm water turns southward after exiting the Tsugaru
and Soya Straits and 1is confined to a narrow band along the
coastline.

7. The western end of the perturbed areas resulting £from
the confluence of the cold Oyashio and warm Kuroshio Currents east
of Japan is seen east of the Tsugaru Strait. This pattern extends
eastward beyond 168°E.
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1. The major features of the Kuroshio and Tsushima Currents
will persist over extended periods of time. The latest available
positioning view should be retained until direct evidence of a
change becomes known or a new satellite view is available. Neither
the large scale numerical analyses and forecasts, nor products
derived from them will reflect the strong thermal boundaries that
are evident in the imagery.

2. The infrared temperature sensed by the satellite sensor
is an integrated value from the entire atmospheric column. The best
5ST readings are obtained through cold and dry atmospheric
conditions. The normal strong gray shade contrast across the
southern Sea of Japan caused by the cold water of the Liman Current
along the north and west sides and warm Tsushima Current along the
south and east side, are largely masked in this image due to the
added high 1level moisture associated with the «cirrus shield
approaching from the west. The effects of increased atmospheric
moisture include both attenuation which lowers all temperature
values sensed and suppression of temperature differences because of
increasing attenuation with increasing surface temperatures which
reduce the real temperature differences or gradients (Huh et al,
1982).

3. The surface water of the northern parts of the Tsushima,
Tsugaru, and Soya Straits will be colder than the southern side
where the warm outflow is located. There are known variations to
this, including:

A. The cold watexr flowing south and east around
southern Korea sinks under the warm Tsushima water during
winter. In spring and into summer when heavy run-off
reduces the cold water salinity, it overrides the Tsushima
waters and produces a frontal zone near a line between the
islands of Cheju-do and Tsushima.

B. During the summer when surface heating results in
uniform sea surface temperature values and a mixed layer
(full-channel conditions), even though it is quite thin over
the northern waters, the obvious thermal contrast is not
there.

C. The inflow (Tsushima) and outflow (Tsugaru and
Soya) are strongest during summer and therefore increasing
portions of the Straits will be covered by warm water as the
summer season approaches and also following 1it. During
winter the cold water portion is largest.

4. The coastal mode outflow is a year-round feature of the
Soya Strait. The outflow ci the Tsugaru changes to a warm gyre mode
that extends eastward to near 143°E during the summer strong outflow
period.

5. The perturbed area east of the Tsugaru Strait and the
main Japan island of Honshu is a year-round feature. A series of
gyres are typically aligned east-west along it and 1its north-south
extent is on the order of 368 n mi. Little evidence of this general
feature is reflected 1in numerical products and the gyres are not
likely to be reflected at all.
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Figure S-3-7. Kuroshio Split. Visaal 18 May 1980.
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FIGURE S-3-7. KUROSHIO SPLIT, SIMULTANEOUS VISUAL (S-3-7) AND
INFRARED IMAGES (S5-3-6). 18 MAY 80
OSAN AB Visual DMSP: TN: 18/8136 GMT

Synoptic Features: The Polar Front extends from east of Japan to
southern China. The Sea of Japan and bordering Seas to the north
and south are nearly clear of clouds.

Satellite Image Features:

1. The region of the Kuroshio split is largely cloud free.

2. The northerly surface flow over the split area is
indicated by the clouds on the upwind side of Yaku Island (the small
bright white feature north of the number 2) and the formation of
convective clouds over the warm water. Compare the northern edge of
the convective cloud pattern with the warm/cold water boundary seen
in the infrared (near satellite image feature 1).

3. A weakly curved anticyclonic shaped cirrus band over
Korea indicates the location of the upper level 1ridge. The cirrus
extends over the south central Sea of Japan. The radiation from
this high level (cold) moisture will result in reduced infrared
sensed outgoing radiational temperatures from this area and mask
lower level warm properties such as the SST.

4. A cloud plume exhibiting a series of waves extends due
north from the Vvladivostok area, on close inspection it is evident
in both the visual and infrared. This plume pattern implies a low

.level inversion. The 1infrared data indicates that the plume
emanates from Ostrov Russkiy, an island slightly southwest of

Vladivostok. This implies a 1low 1level wind direction from the
southeast. At 00807 on this date, Vladivostok reported a surface
wind of 26 kt from 1460,

5. Through comparison of the visual and infrared it can be
determined that the cloud pattern over the central Sea of Japan,
between Vladivostok and the Tsugaru Strait, 1is clearly fog and/or
stratus. Note there is little or no indication of this feature in
the infrared which implies that the cloud tops temperatures are near
the temperature of the surrounding water. This 1is a typical
characteristic of fog/stratus decks under low level inversions.

6. Some pack ice still exists east of Sakhalin Island. A
time sequence of satellite images is a useful aid in differentiating
between clouds and pack ice.

7. Land fast ice around northern Sakhalin Island continues
to block the Tartar Strait.

8. The north-south sunglint pattern parallels the 1land of
northern Japan and Sakhalin. Coastal areas around the Tsugaru




Strait that show up as dark shades of gray indicate near calm wind
conditions. Areas where the sunglint relat=d gray shade patterns
are very uniform, 1like over the northern Sea of Japan, indicate
regions of uniform wind speed and sea roughness.

Forecast Aids:

1. A daily (optimally every 6 hours) set of simultaneous
infrared and visual images are necessary for maximum utilization of
imagery.

2. The normal modes and persistence characteristics of
oceanic surface thermal patterns if known will assist in 1improving
the knowledge of SST features during periods when cloud cover or
other factors limit the availability of current infrared images.

3. Low level cloud features, such as the formative area of
convective <c¢louds, provides information o¢n the location of warm
water areas.

4., Over areas of wind flow from cold to warm water the
change 1in atmospheric stabllity due to the heating from below will
result in changes in several surface and 1low 1level conditions,
including:

A. Surface wind speeds will increase and seas will be
rougher.

B. The marine layer will thicken and the flux of
moisture from the sea surface to the atmosphere will
increase. Clouds may form and if the flow continues over an
extended length (on the order of 109 n mi oxr more) 1light
showers will occur.

C. The 1increased turbulence, atmospheric moisture
content, and possible showers will degrade E/O ranges.

D. The low level inversion will rise and tend to
weaken downstream, changing the low level ducting/trapping
characteristics.

5. Wind flow from over warm to over cold water areas will
result in increased stability and a general reversal of the above
processes. Note that some of the processes are complex and can not
simply be reversed. The warm moist air when cooled may result in
widespread fog/stratus/drizzle and reduced E/O ranges and
visibility. The wind/sea conditions are the best case of simple
reversal properties.

6. Knowledge of power plant locations that give rise to
smoke/exhaust plumes is useful information under low level inversion
conditions, since plume alignment closely correlates with low level
wind directions,




Tsushima/Korea Strajt: The Tsushima/Korea Strait (Figure
3-1, page 3-2), centered near 34.59°N, 129.50E, is oriented
northeast-southwest between the southern coast of Korea and western
Japan. The strait is comprised of the East and West Channels, which
are located on either side of Tsushima Island. The narrowest widths
are about 27 n mi across the entire strait.

The bottom topography of the strait is basically a
continuacion of the continental shelf of the East China Sea. The
bottom is relatively flat with an average depth of about 1988 m. The
major topographic features are:

(1) Tsushima Island located approximately in the middle of

the strait,

(2) the irregular coastlines on both the Korean and
Japanese coasts flanking the north and south sides of
the strait, and

(3) a local depression about 200 m deep centered just off
the northwest coast of Tsushima 1Island in the West
Channel.

In the vicinity of the depression the West Channel bottom slope is
fairly steep. On the Japan side of the strait, there is a broad
shallow (100-14¢ m) bed extending some 780 n mi beyond Tsushima
Island to the northeast. The West Channel continues for about 60
n mi north of Tsushima Island where it encounters a steep slope
descending into the Tsushima Basin.

Surface currents alternate in direction with tidal action,
northeastward with ebb and southwest with flood, and average 1 to 2
kt with maximums in both directions about 3.5 kt.

A warm season thermocline is typically found near 5@ to 1060

m below the surface. During winter the water column is well-mixed

from surface to bottom. The isotherm values of the East Channel



resemble those of the Tsushima Current west of the Goto Islands,
while those of the West Channel reflect the pattern found west of
Cheju-do Island.

The relatively cold and low-salinity waters found along the
southern coast of Xorea converge with the Tsushima Warn currents and
result in extensive frontal structures and meso-scale eddies.
During winter these Korean source waters are very cold aad tend to
sink under the warm Tsushima water, thus reducing the clear thermal
signature seen in infrared imagery during the autumn season. Two
other features contribute to the formation of thermal fronts on the
Korean side of the strait:

(1) the North Korea Cold Current moving southward@ along the

east coast of Korea, and

(2) wupwelling (most prevalent during summer) along the
coast of Korea facing the West Channel.

Tsugaru Strait: The Tsugaru Strait is located near 41.5°N,

149°E between the main Japan 1island of Honshu to the south and
Hokkaido to the north (Figure 3-1, page 3-2). The strait provides
the primary exchange of water between the Sea of Japan and the
Pacific Ocean east of the Japanese 1Islands. The Tsushima Current
flowing northward through the eastern portion of the Sea of Japan
splits to the west of the Tsugaru Strait with one branch entering
the strait and the other continuing northward cff western Hokxaido.
The coastlines surrounding the strait are guite irregular.
The minimum width of the strait is about 11 n mi at its western
entrance and 9 n mi at the eastern end. The channel 'ength between
the two narrows is about 38 n mi, while the total length of the
channel 1is about 65 n mi. The shallowest portion of the strait is
about 130 m in the western narrows which form the limiting sill

depth. Eastward through the channel the maximum depth exceads 200
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m, with the 298 m chsnnel width becoming extremely narrow in the
vicinity of the eastern entrance before opening to the Paciflic
Ocean.

The Tsushima Current exhibits a complex pattern across the
Sea of Japan as it interacts with the Polar Front. Near 480N, about
78 n mi south of the Tsugaru Strait, the Tsushima Current becomes
consolidated and exhibits a sharper western boundary or £front. The
minimum sill deptn (138 m) of the Tsugaru Strait limits the outflow
from the Sea of Japan.

The current through the channel forms a core only about 11
n mi wide. The current is flanked on either side by eddies which
appear to be trapped Adue to the configuration of the channel
boundary. Maximum current speeds occur during the tidal spring
phase in summer and winter, reaching 4.5 to 5.5 kt at the western
entrance and near 5 to 6.5 kt at the eastern exit. The maximum
speeds are directed to the east due to the combined tidal and ocean
currents. The maximum speeds are found along the southern side of
the current core.

The Tsugaru Current extension into the Pacific Ocean
displays distinct variations in pattern between periods of strong
and weak transport. During strong outflow an extensive anticyclonic
gyral motion is formed while during weak outflow a coastal flow
pattern is observed. These patterns are naturally referred to as
gyre and coastal modes, The gyre mode is exhibited during summer
and fall and the coastal mode during winter and spring (See Figure
5-3-4, page 3-22).

Soyva/La Perouse Strait: The Soya/La Perouse Strait, centered
near 45.5°N, 1420E, separates the islands of Hokkaido to the south

and Sakhalin to the north (Fiqure 3-1, page 3-2). The international
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boundary between Japan and USSR is located along the centerline of
the strait.

The narrowest point of the strait is about 23 n mi wide with
a c¢hannel nminimum depth o0f near 75 m occurring in the narrows.
Depths less than 1900 m extend east and west £fxom the narrows for
about 16 n mi; the distance to the 208 m isobath is an additional 45
n mi eastward and only 28 n mi westward.

The portion of the Tsushima Current that continues northward
beyond the Tsugaru Strait encounters a complex coastline and as it
approaches the Soya (La Perouse) strait, an area of extended shelf
with depths less than 2068 m plus islands. The weakened warm current
plus this complex topography results in large fluctuations in
volume, speed, and path of the warm current flowing into the strait.
The warm current is further hindered by the Japan Sea Polar Front
and the cold waters to the west and north. The result is that the
water from the Tsushima Warm Current - s not always reach the
Soya/La Perouse Strait. Infrequently the warm water will extend
well north of the strait, 1in fact as far north as the entrance to
the Tartar ©Strait. Even during the heaviest warm flow through the
Soya/La Perouse Strait the warm water only occupies part of the
strait on the Hokkaido side. The northern part of the strait is
usually occupied by cold water, with a front that is quite sharp at
times separating the warm and cold waters. The strongest surface
currents of 1 to 2 Kkt occur in the warm water side. Exiting the
strait, the current curves southeastward and hugs the northeast
coast of Hokkaido. This portion of the warm current is strongest in
late summer and disappears at the surface during winter, during
which time the area 1is ice covered. This warm and cold water

pattern can be clearly seen in satellite 1infrared 1imagery (See
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Figure $5-3-4, page 3-22). The Hokkaido coastline southeastward from
the gtralt 1is the flrst aresa to become 1ce free in the spring.
Other features frequently secen In infrared imagery are: An area of
upwelling along the extreme southwest coast of Sakhalin, just above
the strait and a long cecld water belt extending southeastward from
the northern region of the narrows. This belt is 158 to 200 n mi
long and is typically comprised of three instability waves. The
wave pattern is located just eastward of the coastal warm current

with turbulent instability patterns along the boundary.

3.3 4Winter (pecember to mid-March) (See section 2.2.1.5)

Although winter does not normally begin in the mid-latitudes
until mid-December, the winter season has an early onset for much of
the region adjacent to eastern Asia. The coastal water areas which
border the Asian malnland north of about 350N feel the effects of a
strengthening Siberian high pressure cell by early autumn (late
Septembexr), and the onset of winter is accelerated. The Sea of
Japan lies within the area of early winter onset. Refer to Figure

2-8 (page 2-29) which depicts a generalized winter synoptic pattern.

3.3.1 Climatoloay

During winter, December to mid-March, a continental pelar
(cP) air mass dominates the weather over the Sea of Japan.
Originating in Siberia as part of the Siberian high, the coid, dry
air over land is characterized by a strong, low level temperature
inversion. The Siberian high fluctuates both in position and

internsity 1in response to atmospheric changes aloft caused by
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migratory mid-tropospheric disturbances. Surface temperatures at
the source region range generally from 1590F to -409F. The trajectory
of the air as it leaves Siberia and Mongolia is primarily downslope,
causing adiabatic temperature rises of as much as 250F over land.
Cold air surges caused by the mid-tropospheric disturbances are
preceded through the Sea of Japan by strong cold fronts, with

accompanying warm fronts only rarely seen,

3.3.1.1 Synoptic Pattexrns

Figure 2-6 (page 2-23) depicts the tracks of typical
migratory extratroplical cyclones occurring throughout the year. Of
the six tracks depicted, only two typically affect the Sea of Japan
during the winter: the Lake Baikal Low (track B) and the South

Mongolia Low (track C).

Co'd frontal activity starts to increase during the autumn
season, and continues throughout the winter. A very severe cold
outbreak can be expected in the latter part of Januvary or early
February. While wvelocities o¢f the cold fronts are greatly
influenced by the topography of the land, speeds average about 25 kt
and may vary from 45 to 6@ kt down mountain slopes during the

winter.

3.3.1.2 surface Wind

Figure 2-9 (page 2-31) presents wind statistics for the
month  of February. According to the U.S. Navy (1977), January is
the windiest month in the Sea of Japan. Mean wind speeds north of

409N average 2@ kt, decreasing to about 18 kt near the Japan coast
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between 359N and 48°N. Gale (234 kt) frequency of occurrence |is
between 5 and 18 percent in a five-degree square centered at 40°N
1350E. February mean wind speeds are decreased only slightly from
January, and frequency of occurrence of gale force winds is less
than'S percent in all sectors of the sea. Prevailing wind direction

is north-northwest during the winter.

3.3.1.3 Upper Level Winds

The area near southern Japan is known to have the strongest
and most persistent jet stream speeds in the world, with velocities
commonly exceeding 208 kt during the winter months. Figures 2-10
through 2-15 (pages 2-32 to 2-34) depict the upper level flow
patterns for the month of February. The strongest winds for
February (at the specified pressure surfaces) are found over

southern Japan at 200 mb with a mean speed of 145 kt. The winds at

. 208 wb diminish to about 3@ kt at the north end of the Sea of Japan.

3.3.1.4 Visibility

Figure 2-16 (page 2-35) depicts the frequency of occurrence
of visitkility limits during February. Winter is a relatively good
seascn for wvisibility in the region, with average frequency of
occurrence of 25 n mi about 70 percent in the northern portion of
the sea, increasing to avou- 98 perxcent in the south, with each of
the winter months approximately the same. In general, visibilities

are better in the western portions of the sea than they are in the
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east, largely due to the increasing sea surface temperature from
west to east and typical enhanced cloud cover and shower activity

over the warmer water.

3.3.1.5 Cloud Hejghts/Ceilings

Figure 2-17 (page 2-36) presents combined low cloud ceiling
and visibility limits for the month of February. O0f the winter
months, January is the cloudiest in the Sea of Japan, with an
averaqge frequency of low cloud amount 25/8 exceeding 80 percent in
the southeastern portion, compared to over 70 percent during
December and February. 1In each of the winter months, the percentage
decreases with westward progression, with about a 20 percent
frequency of occurrence along the coast of North Korea. As one
might expect, since January is the cloudiest of the winter months,
it also has a slightly higher frequency of occurrence of low cloud
ceiling <608 ft and/or visibility <2 n mi than do the other winter

months.

3.3.1.6 Precipitation

Dur‘ng the winter months, a precipitation maximum (30%
frequency during February) occurs in the eastern portions of the Sea
of Japan, probably due to the cold air from Siberia picking up
moisture in its transit across the sea and then moving over warm SST
areas resulting in low level 1instability and cloud development
enhancement. While minor differences exist between the winter
months, the precipitation patterns are similaxr. About 4€ percent of

the precipitation occurring during February in the southern Sea of
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Japan falls as snow, with the figure increasing to about 99 percent

near 400N,

3.3.1.7 8Sea_Sta

Figure 2-18 (page 2-37) presents wave height statistics for
the month of February. Reflecting the prevailing north-northwest-
erly surface wind f£flow, the frequencies of occurrence of wave
heights 25 ft (1.5 m) and 28 ft (2.5 m) increase from northwest to
southeast as the fetch length increases. However, the 18 percentile
isoline for waves 212 ft (3.5 m) does not fit this pattern, because
of the increased wind velocities associated with extratropical

cyclones as they transit the Sea of Japan.

3.3.1.8 Surface Air Temperature

As shown in Figure 2-19 (page 2-38), the winter surface air
temperatures over the Sea of Japan reflect the extreme cold of the
Siberian high. The mean air temperature near the southern Sea of
Japan averages about 430F (60C), while it lowers to near 100OF
(-120C) in the extreme northern reaches of the sea.

During February the extreme maximum temperature for the
southern part of the sea is 610F (169C) while the extreme minimum

temperature for the northern areas is about 20F (-17°C).

3.3.1.9 Freezing Level

The altitude of the mean freezing level during winter varies

from app.oximately 3,886 ft in the southern Sea of Japan to the
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surface in the northern areas. Due to the warming effect of the sea
surface and trajectory of Tsushima Current, the surface freezing
level 1is considerably farther north in the central and eastern
portions of the sea than it is along the coastlines of Asia and
Japan. Figure 2-21 (page 2-40) depicts the mean altitudes of the

freezing level during February.

3.3.1.16 Aircraft Carrier Operating Conditions

Optimum aircraft carrier operating conditions, defined as
having a low cloud ceiling 25,000 £t (or no low cloud ceiling),
visibility 25 n mi, and wind 11-21 kt, occur between 10 and 4@
percent of the time over the major portions of the Sea of Japan
during February, with the best percentages occurring near the coast
of the Asian landmass.

Poor conditions, defined as having a low cloud ceiling <3889
ft, or visibility <1 n mi, or wind <6 kt or 234 kt, occur between 19
and 28 percent of the time over most of the sea, increasing tc over

20 percent north of about 45°N and east of 140°E.

3.3.1.11 Seasonal Oceanographic Features

January and February are the months of the coldest sea
surface temperatures in the Sea of Japan, with water below 380F
(-1°C) being recorded in the northern sea. Temperatures in the
southern areas of the sea reduce to near 500F (100C) during
February, as depicted in Figure 2-20 (page 2-39).

Sea ice is observed in the northern Sea of Japan as early as



November. Average ice limits for February are shown in Figure 2-280

(page 2-39)

3.3.1.12 Electro-Optical Conditions (See section 2.3.1)

Under the winter Northeast Monsoon flow pattern cold dry
continental polar air from off Asia dominates over the Sea of Japan.
These conditions result in generally improving E/O range as the
Northeast Monsoon intensifies. The well mixed atmosphere resulting
from heating from below by the relatively warm ocean minimizes
inversions and stable 1layers anu results in an annual minimum of
ducting and superrefraction layers.

The large scale and seasonal trends are for improved E/O
conditions when progressing from south to north and from autumn to
winter. The local conditions of an area frequently modify these
large scale considerations and may in fact reverse then.

The 1local conditions of the Sea of Japan during winter
result in the following wean patterns. The E/0 conditions are
gradually degraded from west to east in response to the increasing
cloud cover and precipitation. Due to the extreme cold air moving
over the northern part of the Sea of Japan from off the USSR, the
cloud free paths tend te be shorter than to the south. This results
in a degradstion of E/G conditions from south to north and a
reversal from the large scale gener.! pattern. The mean elevation
of elevated ducts increases from 1208 m in the south to 1880 m in
the nrorth. Surface based ducts are most likely to occur in the
offshore flow area and where the cloud lines do not form until some

distance cffshore.




Precipitation patterns are dominated by shower activity with
the majority of frontal systems passing to the south and east.
Under the prevailing northerly flow of the winter the 1laxrge scale
variations are small, but the small scale variations between cloud
lines and shower/non-shower areas will be large.

The coastal terrain of Asia is mountainous and results in

areas of low level funneling H~f winds out of valleys and off river

mouths. This results in marked 1local scale variations 1in E/O
conditions. Generally degraded ranges occur where the offshore flow
is strongest and improved ranges are found where terrain barriers
block the 1low 1level winds. The formation of cloud 1lines and
assocliated lighter gray shade areas as seen 1in visual satellite

imagery provide information on the low level wind patterns.

The following table presents statistical information on duct

heights for the regional area and season of interest:

CENTER OF AREA: 400N 1350E SEASON: WINTER

EVAPORATION DUCT HISTOGRAM IN PERCENT OCCURRENCE

Height December January February
{m) day nite Dboth day nite both day nite both
g to 4 2 2 2 2 1 1 4 3 4
4 to 8 4 6 5 6 9 8 8 11 19
8 to 12 14 15 14 18 17 18 18 29 19
12 to 16 22 23 23 25 21 26 25 25 25
16 to 29 28 29 28 27 28 28 26 217 26
28 to 24 20 19 19 14 12 i3 10 8 9
24 to 28 6 6 6 4 4 4 6 6 6
28 to 32 1 1 1 1 g 1 1 1 1
32 to 36 1 ¢ 2 ) g 1] 1 9 9
36 to 40 @ g g g g g g g )
above 49 3 1 2 2 1 1 3 2 3
Ave. Ht 18 17 17 16 15 16 16 15 16




3.4 gpring (mid-March to wid-June) (5ee section 2.2.1.6)

Spring 1is a season of major changes over the coastal waters
of eastern Asia. The Siberian high begins to 1lose strength,
resulting in a weakening of the winter monsoon and a gradual
northward migration of the Polar Front as the Southwest Monsoon
strengthens. Refer +to Figure 2-22 (page 2-42) which depicts a
generalized spring synoptic pattern. Figure S-3-8 provides a view

of the spring cloud patterns on 18 May 1984.

3.4.1 Climatology

buring the months of spring (mid-March to mid-June) signifi-
cant changes occur in the weather over the Sea of Japan as the
intense Siberian high of winter weakens. Migratory upper
atmospheric disturbances transit the area allowing "bubble highs" to
break off from the weakened Siberian high and move eastward across
the Sea of Japan. Typically a trough follows the bubble high
resulting in cyclogenesis, inclement weather and precipitation over
the region. The mid-Pacific high begins to intensify and move
noxrthwestward and, in <concext with the weakened Siberian high,
allows the Polar Front to start its northward migration from Taiwan
to the scuthern coast of Honshu. See Figure 2-5 (page 2-18). The
winter Sea of Okhotsk 1low moves to a position over northern
Mongolia, &and the Aleutian 1low weakens. Thermal 1lows may be
expected to form over China and northeastern Manchuria by the end of

the season.
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"Figure S-3-8.

Spring regional view, Sea of Japan.
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FIGURE S-3-8. SPRING REGIONAL VIEW, SEA OF JAPAN. 18 MAY 840
OSAN AB Visual DMSP: TN: 18/8136 GMT

Synoptic Features: The Polar Front 1is south of the area and low
pressure dominates the land area to the west. Surface winds are
generally southerly, north of a synoptic scale ridge which extends
from southern Korea eastward across northern Honshu.

Satellite Image Features:

NOTE: See Figure S-3-7 for additional comments relative to
labels 1-8,

3 and 5. The Sea of Japan area is nearly cloud free, except
for some clirrus off central Korea and a patch of fog/stratus over
the central sea.

4. The low level southerly fiow and the existence of a low
level inversion are indicated by the northward extending cloud plume
composed of wave clouds emanating from near Vladivostok. This cloud
plume is frequently evident in the imagery and is likely caused by a
large industrial smoke stack.

8. The 1light wind conditions near the 1riageline are
indicated by the dark gray shades seen in coastal areas around the
Tsugaru Strait region.

'EQ_LQQ_Q_%E_AJ.Q.SJ

1. The spring transition is a gradual one and a period of
fair weather and light winds as long as the front remains to the
south.

2. Under 1light wind conditions 1local effects tend to
dominate. At such times the small scale features of satellite
images take-on added significance. The gray shade patterns within
the sunglint band are useful in detailed wind forecasting.

3
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3.4.1.1 Synoptic Patterns

Figure 2-6 (page 2-23) depicts the tracks of typical
migratory extratropical cyclones. Of those depicted, four would
typically impact the weather over the Sea of Japan during spring:
the Manchurian Low (Track A), the Lake Baikal Low -(track B}, the
South Mongolia Low (track C), and the Shanghai Low (track D).

Of the three types of cold fronts discussed 1in section
2.2.1, two can be expected to occur during the spring: Western and

Eastern.

3.4.1.2 psurface Wind

Average wind speeds over the Sea of Japan decrease gradually
throughout spring, with the percent frequency of occurrence of wind
speeds of 10 kt or less increasing throughout the period. Figure 2-
23 (page 2-45) presents wind statistics for the month of May. The
frequency of occurrence of gale velocities (234kt) over the Sea of
Japan during spring is 1less than 5 percent and therefore is not
represented in Figure 2-23. Prevailing directions show significant
changes during the period and reflect the seasonal monsoonal shift,
with north-northwest dominant in March becoming south to southwest

by May.

3.4.1.3 Upper Level Winds

Figures 2-24 through 2-29 (pages 2-46 to 2-48) depict the

upper level flow patterns for the month of May. The strongest winds
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{at the specified pressure surfaces) are found over the southern Sea

of Japan at 200 mb with a3 mean speed of about 88 kt.

3.4.1.4 Visibility

Figure 2-30 (page 2-49) depicts the frequency of occurrence
of wvisibility 1limits during May. The'=2 is some deterioration in
visibility during spring because of tog. March has a percent
frequency of occurrence of visibilities 25 n mi of between 80 and 949
nercent, while June shows a frequency of occurrence of between 60
and 88 percent. March has a percent frequency of occurrence of
visibilities <2 n mi of about 10 percent over most of the sea while
June's percentages increase to between 10 and 38 percent, with over
3@ percent recorded along the North Korean and adjacent USSR

coastlines.

3.4.1.5 cloud Hejghts/Cellings

Figure 2-31 (page 2-58) depicts low cloud ceiling statistics
combined with wvisibility limits. The percent frequency of

occurrence of low cloud amounts 25/8 graduairiy deciea tetween

Ch
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March and May over the major portion of the Sea of Japan, but
increases significantly between May and June as the Polar Front
moves northward into the area south of Japan (Figure 2-5, page
2-18). The amounts for March range from 38 to 60 percent, while May
shows a range of 20 to 60 percent and June a rangye of 55 to 65
percent. The major difference between March and May is not the
percentages of occurrence, however, but the areal extent, with May

showing the lower percentages over a broader area of the sea.
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Frequencies of occurrence of 1low cloud ceiling <6808 ft
and/or visibility <2 n mi show an increase during the spring. March
has an average of 16 percent over most of the Sea of Japan,
increasing to 28 percent in the northern part of the Sea. June has
between 15 and 38 percent frequency of occurrence of low cloud
ceilings <668 [t and/or visibility <2 n mi increasing to over 30

percent along the coastal areas in the southwestern and western

portions of the sea.

3.4.1.6 Precipitation

The spring season shows a slgnificant change in the
precipitation statistics over the Sea of Japan. In March there is a
minimum of precipitation (5 percent frequency of occurence) near the
coastline in the extreme western portion of the sea, 1increasing
eastward and reaching a maximum of 20 to 25 percent in an elongated
area stretching north-south along 13S50E between 370N and 479N. By
May, the frequency of occurrence of precipitation is less than 10
percent over most of the sea west of 140°E, and between 16 and 15
percent over the remainder of the area. The 10 percentile snow line
(19 percent of precipitation observations report snow) reaches as
far south as the extreme southe:n Sea of Japan in March, but is
limited to north of 459N by May and is north of the Sea of Japan by

June.

3.4.1.7 3ea State

As the surface winds decrease during the spring over the Sea

vof Japan {see section 3.4.1.2), the sea heights also decrease. In

3-56




March, waves 25 ft (1.5 m) have a frequency of ocTurrence of less
than 68 percent over the central portion of the sea. By May, the
percentage has decreased to near 29 percent (Figure 2-32, page
2-51), and is 18-28 percent by June. Waves 28 ft (2.5 m) occur some
20 bercent of the time during March in the central Sea of Japan,

decreasing to less than 18 percent during May and June.

3.4.1.8 Surface Air Temperature

The months of spring show significant surface air
temperature increases over the Sea of Japan. The temperature during
March ranges from about 580F (149C) in the southern reaches of the
sea to near 21°F (-69C) in the northern areas, warming to 689OF
(220C) and 480F (9°C) in June. Figure 2-32 (page 2-52) depicts the
mean surface air temperatures for the month of Mav,

During May, the extreme maximum temperatuze for the southern
.area of the sea is 759F (249C) while the extreme minimum temperature

for the northern area is about 270F (-3¢{).

3.4.1.9 Freezing Level

The altitude of the freezing level increases significantly
Guring the spring months. The March altitude of about 5,000 ft in
the southern Sea of Japan increases to about 13,8066 £t by June,
while the freezing 1level 1in the northern sea increases from the
surface to approximately 9,880 ft during the same period. Figure

2-35 (page 2-54) cdepicts the mean altitude of the freezing level

during May.
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3.4.1.10 Rpircraft Carrier Operating Conditions

Optimum aircraft carrier operating conditions, defin=2d4 as
having a low cloud <ceiling 25,000 ft (or no low cloud ceiling),
visibility 25 n mi, and wind 11-21 kt, occur between 28 and 30
percent of the time over the major portions of the Sea of Japan
during May. A circular area with an approximate radius of 156 n mi

ntered near 38O°N 131°E has a frequency of occurrence of greater
than 30 percent, while most of that portion of the sea north of
about 479N has less than 20 percent.

Poor conditions, defined as having a low cloud ceiling <349
ft, or visibility <1 n mi, or wind <6 kt or 234 kt, occur more than
390 percent of the time north of about 420N. South of the same line,
poor conditions occur less frequently, reducing to below 2@ percent

in the southwestexrn portion of the sea.

3.4.1.11 Seasonal Oceanographic Features

By the end of spring the waters of the Sea of Japan have
started to show considerable warming when compared to the winter
temperatures. The coldest water during June in the northern areas
is still quite cold, with temperatures near 360F (20C), but the sea
has warmed to near 689F (28°C) in the southern sea. Figure 2-34
(page 2-53) depicts sea surface temperatures during May.

By May, sea ice has disappeared south of about 49°N. An
approximation o0f the ice limit during May is shown in Figure 2-34,

The Sea of Japan is essentially ice free by the end of June.
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3.4.1.12 Electro-Optical Conditions (See section 2.3)

The gradual northward migration of the Polar Front during
spring results in a major change of E/O environments over the Sea of
Japan. North of the Polar Front conditions similar to winter
prevail and south of the frontal zone, summer and tropical type
conditions will exist. Under the frontal band, the conditions will
differ from both of those found in the north and the south, and in
general will exhibit a major reduction in E/O ranges due to
precipitation. Elevated ducts will prevail in the northern sector
of the £frontal band and to the rear of the cloud band where large
scale subsidence prevails.

The local conditions of the Sea of Japan during spring
result in the following mean pacterns. The E/O conditions will vary
from the earlier patterns of winter to that of summer late in the
period. The summer type pattern is generally in agreement with the
large scale patterns, 1i.e., a general increase in E/O ranges from
the tropics poleward as atmospheric humidity decreases. The mean
height of elevated ducting layers decrease from about 1496 m in the
south to 608 m in the extreme north.

The occurrence of precipitation is generally around 18% with
the higher values along the -eastern and northern portions. The
occurrence of fog will increase over the colder waters of the
western and northern sectors as the season progresses and the warm,

moist southerly flow pattern advances northward.

w
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The following table presents statistical information on duct

heights for the regicnal area and season of interest:

CENTER OF AREA: 4@°0N 135°E SEASON: SPRING

EVAPORATION DUCT HISTOGRAM IN PERCENT OCCURRENCE

Height March April May
{m) day nite both day nite both day nite both
g to 4 6 5 5 13 13 13 15 13 14
4 to 8 8 11 19 11 15 13 1@ 15 12
B to 12 19 20 19 14 19 16 12 19 16
12 to 16 20 26 23 16 22 19 13 18 16
16 to 28 23 23 23 13 14 13 11 11 11
28 to 24 11 9 19 8 7 7 ) 8 8
24 to 28 4 2 3 4 3 4 6 4 5
28 to 32 2 1 1 2 1 1 3 2 2
32 to 36 1 2 g 1 1 1 1 1 1
36 to 48 a a g 1 1 1 1 1 1
above 449 6 3 5 16 6 11 21 8 14
Ave. Ht 17 15 16 29 15 18 23 16 19

3.5 Summex (wid-June to mid-Septemher) (See section 2.2.1.7)

The summer monsoon is not as evident over the Sea of Japan
as it is over waters to the south. During the first 36 days or so
of the season the Polar Front moves northward from a position south
of Japan to its August position in Mongolia, a transit which carries
it through the Sea of Japan. The remainder of the season sees light
southerly flow generally dominating the weather over the sea.
Figure 2-36 (page 2-56) depicts a generalized summer synoptic

patte.n.
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3.5.1 Climatology

The perlod of the traditlonal summer season (mid-June to
mid-September) actually spans two seasons in much of the Far East.
The }1rst period, known as the Mei-Yu/Bai-U (Plum Rain) season in
Japan, normally commences in éhe middle of June and continues until
mid-July. During this period the Polar Front migrates from a
position south of Japan to its summer position over Sakhalin Island
and Mongolia (Figure 2-5, page 2-18). As the front moves northward
through the area, the Mei-Yu/Bai-U season ends aiid summer begins,
characterized by relatively warm, moist ailr that is transported

northwerd around the western periphery of the strengthened mid-

Pacific ridge.

3.5.1.1 Synoptic Patterns

Filgure 2-6 (page 2-23) deplicts the tracks of typlcal
migratory extratropical cyclones that occur throughout the year. Of
the tracks depicted, three typically affect the weather over the Sea
of Japan during the summer: the Lake Baikal Low (track B), the South
Mongolia Low (track C) and the Yellcow Sea Low (track E).

During the Mei-Yu/Bai-U season an extension of the Polar
Front 1lies roughly parallel to the south coast of Honshu. This
frontal extension does not have the classic structure of the mid-
latitude Polar Front. Warm, moist air south of the front is forced
aloft over the cooler air north of the front. This overrunning and
resultant cloudiness and rain 1is similar to conditions one would
expect north of a classic warm front. The slope of the front

results in the effects of the overrunning being felt as much as 280
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mi north of the surface f£ront (Naval Oceanography Command
Detachment, Atsugi, Japan, 1988;.

A typical Mei-Yu/Bai-U synoptic pattern is characterized by
a series of weak low pressure centers on the extension of the Polar
Front extending from China, along the south coast of Japan, and into
the North Pacific Ocean., In some years the front will pass quickly
over southern Japan but remain stationary through central Honshu and
the Sea of Japan. Under these anomalous conditions, the warm-
frontal weather is still produced by overrunning, but it is confined
to an area north of its traditional position, resulting in a Kara
Tsuyu, or "dry rainy season" over central Japan.

After the Mel-Yu/Bal-U season has ended, the more typlical
summer season begins as the Polar Front completes its northward
migration to a position between Sakhalin Island and Mongolia.

Cold frontal activity is at a minimum during summer. Of
those fronts that do occur, the Western type is found to occur most
frequently throughout the year, but a frequency vs. seasonal
breakdown by frontal type is not available. In general, Western and
Central type fronts pose little threat to the Sea of Japan during
the summer. Eastern type fronts are more frequent in spring and
early summer than during other times of the year and may impact the

weather over the northern Sea of Japan.

3.5.1.2 Surface Wind

As shown in Figure 2-37 (page 2-58), surface wind velocities
average 19 kt from near 68 to 90 percent of the time in the Sea of
Japan during August, with the higher frequencies occurring in the

coastal waters of the western sea from 379N to 430N and in the
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southeastern sea between 359N and 39°N. Winds of gale force (234
kt) seldom occur during summer. Prevalling directions are southwest

north of 400N, and northeast south of 480°N.

3.5.1.3 Upper Level Winds

Figures 2-38 through 2-43 (page 2-59 to 2-61) depict the
upper level flow patterns for the month of August. The strongest
winds (at the specified pressure surfaces) are found at both 280 mb
and 308 mb over the northern Sea of Japan with a mean speed of about

49 kt.

3.5.1.4 Visibilit

Figure 2-44 (page 2-62) depicts the frequency of occurrence
of visibility limits during Augqust. Visibilities of 25 n mi occur

over 78 percent of the time over the entire sea.

3.5.1.5 Cloud Heights/Ceilings

During the summer months, average low cloud amounts 25/8
over the Sea of Japan are about 38 to 5@ percent over the southern
areas ranging to 6@ to 88 percent over the northern reaches of the
sea. The month of September has the least amount of low cloudiness
of the season, with less than 30 frequency percent reported over the
southern waters and just over 50 percent in the extreme northern
sea. Fiqure 2-45 (page 2-63) presents average 1low cloudiness

statistics for the month of Augqust.
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The months of summer are relatively dry over the Sea of
Japan, with overall frequency of occurrence of precipitation
averaging 7-15 percent. The 1lower percentages occur in the
southwestern areas while the highest percentages are seen near the
northern portion of the sea. No significant differences are noted

between the individual months of summer.

3.5.1.7 Sea State

Frequencles of occurrence of wave heights =2 5 £t (1.5 m)
during August for the Sea of Japan are depicted in Figure 2-46 (page
2-64). Whereas, during the month of June, waves 25 ft (1.5m) are
observed 10-20 percent of the time over much of the central and
southern Sea of Japan, by September an increase to 25-4€ percent is
observed. Waves 28 ft (2.5 m) occur less than 18 percent of the

time during all summer months over all areas of the sea.

3.5.1.8 Surface Air Temperature

Surface air temperatures over the Sea of Japan during August
(Figure 2-47, page 2-65) are the warmest of the year, ranging from
near 610F (16°C) in the northern areas to near 88°F (27°C) in the
south, a warming since May of 220F (120C) and 16°F (99°C)
respectively.

During August, the extreme maximum temperature for the
southern sea 1is about 889F (310C) while the extreme minimum

temperature for the northern sea is about 480F (99°C).
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3.5.1.9 FEreezing Level

Figure 2-49 (page 2-67) depicts the altitude of the mean
freezing 1level during August. Over the northern portion of the sea
the altitude of the lowest freezing level increases from about 9,000
ft In June to near 12,000 ft in Augqust. Altitudes in the southern
areas 1increase from 14,000 £t in June to approximately 15,080 ft in

August, the maximum altitude of the year over the Sea of Japan.

3.5.1.1% Alrcraft Carrler Operating Conditions

Optimum aircraft carrier operating conditions, defined as
having a 1low c¢loud ceiling 25,0880 £t (or no low cloud ceiling),
visibility 25 n mi, and wind 11-21 kt, occur between 10 and 30
percent of the time over the major portion of the sea during August,
with a small area of over 3@ percent frequency of occurrence in the
southwest Sea of Japan.

Poor crnditions, defined as having a low cloud ceiling <384
ft, or visibility <1 n mi, or wind <6 kt or 234 kt have a frequency
of occurrence of over 40 percent between about 420N and 459N and
east of 1370E, and less than 20 percent in a circular area between
360N to 40°ON and 1290E to 1350E. The remainder of the sea has a

poor condition frequency of occurrence of 20-40 percent.

3.5.1.11 Seasonal Oceanographic Features

As shown in Figure 2-48 (page 2-66), August is the month of

warmest sea surface temperatures in the Sea of Japan. Temperatures
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range from a high of 799F (26°C) in the southern part of the sea to
about 599F (159C) in the northern waters.

No sea ice is observed in most of the Sea of Japan during
summer. The 1last remnants of ice are seen during June in the

extreme northern sea and are gone by July.

3.5.1.12 Electro-Qptical Conditions (See section 2.3)

The Southeast Monsoon dominates the majority of the Sea
during summer resulting in tropical 1like conditions. The large
scale E/O conditions therefore take on the characteristics of the
tropics, generally reduced E/O ranges due to increased atmospheric
aerosols but fewer elevated ducts due to stronger vertical mixing.
The northern part of the sea, which is likely to be affected by the
Polar Front and migratory highs will differ from the area under the
Southeast Monsoon flow. E/0 conditions will have large variations
in the northern area that reflect the synoptic scale influence.

The following table presents statistical information on duct
heights for the regional area and season of interest:

CENTER OF AREA: 48°N 135CE SEASON: SUMMER

EVAPORATION DUCT HISTOGRAM IN PERCENT OCCURRENCE

Height June July August
(m) day nite both day nite both day nite both
@ to 4 21 20 21 17 17 17 7 7 7
4 to 8 13 19 16 11 16 14 6 12 9
8 to 12 15 23 19 13 19 16 11 18 14
12 to 16 14 17 16 11 18 15 14 22 18
16 to 20 9 8 8 9 11 19 15 19 17
20 to 24 5 5 5 6 6 6 19 9 9
24 to 28 3 2 3 4 3 4 5 4 5
28 to 32 2 1 1 2 1 2 3 1 2
32 to 36 1 1 1 2 1 2 2 1 1
36 to 44 1 ) 1 1 ) 1 1 ) 1
abcve 40 16 5 1@ 21 7 14 26 8 17
Ave., Ht. 18 13 15 22 15 18 217 17 22
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3.6 Autumn (mid-September through November) (See section 2.2.1.8)

The onset of the autumn season over the Sea of Japan is
abrupt. The strengthening Siberian high pressure cell forces the
Polar Front rapidly southward to a .position south of Japan by late
September, resulting in the establishment of the Northeast Monsoon
by mid-October. Figure 2-58 (page 2-69) depicts a generalized

synoptic pattern during autumn.

3.6.1 Climatology

The first month of autumn brings significant changes to the
weather of the Far East. 1In the region of southern Honshu and the
southern Sea of Japan (Fligure 3-1, page 3-2), the period is called
the Autumn Bai-U (or Shurin). During this time the Siberian high
begins to strengthen as the mid-Pacific high weakens, resulting in
the rapid southward migration of the Polar Front through the Sea of
Japan to a position well south of Japan (Figure 2-5, page 2-18). It
is accompanied by a wide band of rain, reduced visibilities and low
ceilings. A quasi-stationary, upper level low center forms over the
Sea of Okhotsk and spawns short wave troughs that move through the
Sea of Japan. The area comes under the influence of cool air forced
southward by the strengthening Siberian high pressure cell.

By November, the Polar Front 1is forced southward to a
position just north of the Philippine Islands (Figures 2~5 and 2-59,
pages 2-18 and 2-69) and cool, dry air covers the Sea of Japan. As

autumn progresses, the Siberian high becomes the dominant weather
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feature over eastern Asia and adjacent waters. High pressure cells
routinely break off from the Siberian high and move across the Sea
of Japan and northern Honshu (Figure S8-3-9). Frontal activity and
cyclogenesis typically occur over Eastern Asia and adjacent waters
in the 1induced trough between the stationary Siberian high and the
migratory high. The semipermanent 1low over the Sea of Okhotsk

continues to strengthen throug..out the period.

3.6.1.1 Synoptic Patterng

Figure 2-6 (page 2-23) depicts the tracks of extratropical
cyclones that normally occur throughout the year. O0f the six tracks
deplcted, four will typically affect the weather over the Sea of
Japan during autumn: the Manchurian Low (track A), Lake Baikal Low
(track B), South Mongolia Low (track C), and Yellow Sea Low
(track E).

Because of its raplid movement, the southward migration of
the Polar Front during the Autumn Bai-U affects the Sea of Japan for
@ short period relative to the Spring Bal-U. Once the front is
south of Japan, frontal activity in the Sea of Japan 1is generally
limited to those typed by Sjan-Zsi Li in the document Forecasters
Handbook Volume 1 (FWC/JTWC, 1969) Climate of Chipa. The tracks are
deplcted in Figure 2-7 (page 2-26).

The first series of "notliceable" cold fronts, usually of the
Western or Central types, occur with great regularity during the
autumn between the latter part of October and early November, with a

second and more severe series occurring in early December.
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Figure S5-3-9. Local ccnditions, Autumn. 22 October 1979.
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FIGURE S-3-9. LOCAL CONDITIONS, AUTUMN. 22 OCT 79
OSAN AB Visual DMSP: TN: 22/8035 GMT

Synoptic Features: A bubble high center over coastal central China
is moving eastward. Northerly flow extends to the northern
Philippine Islands, A surge line extends northeastward from
northern Luzon to south of the Japan Islands.

Satellite Imaqge Featureg:

1. A surge 1line (cold front) cloud band extends from the
South China Sea across Lurzon and northeastward beyond Japan.

2. The bathymetric features of the shallow shelf area along
the central China coast are clearly depicted by variations 1in gray
shades. The features include the fan shaped sub-surface delta
formation off the old mouth of the Yangtze (Changjiang) River, which
is north of the current mouth position. These bathymetric features
can be recognized by thelr persistence and should not be confused
with gray shades that are associated with atmospheric aerosols.
This same feature can be seen in Fett (1977) which inclvdes a DMSP
image from 34 January 1973.

3. The dark areas downwind £from southern Taiwan and
northwestern Luvzon are areas of atmospheric drying resulting from
flow over the upwind terrain.

4. Cloud lines extending downwind from the end of northern
Luzon, northern and southern Taiwan, and eastern and western Cheju-
do Island are examples of cornering effects. Winds are accelerated
around the corners and significant changes in aerosols, humidity and
cloud cover will occur across these cloud lines.

5. The gray shade cap around the tip of Shandong Peninsula
may reflect an area of higher relative nhumidity associated with a
region of upwelling caused by tidal actions (Guo and Xia, 1984)

Forecast Aids:

1. In the vicinity of surge lines winds will be stronger,
gusty, and shifting in direction. Showers are 1likeiy along the
line.

2. E/O conditions will generally improve in the lee side
dark areas seen in satellite imagery, also visibility increases, and
winds decrease. Conditions will be degraded 1in areas of 1lighter
gray shades caused by atmospheric aerosols or increased relative
humidity.
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3. Persistent gray shade patterns in shallow water due to
bathymetric features must be known so as not to mistake them for
aerosol related gray shades In visual lmages and SST features in IR
Images.

4, The thin cloud 1lines flowing southwestward out of the
western Taiwan Strait reflect the stronger surface winds due to
funneling in this area. On this day the winds in the Strait were 20
kt or more and around the area they were 18-15 kt.




3.6.1.2 gSurface Wind

Prevailing winds increase in speed and change directions
with the onset of autumn over the Sea of Japan. By late September
the prevailing directions are northeast with a speed of 10-15 kt
becoming north-northwest 15-20 kt by November. As shown in Figure
2-51 {page 2-71), the frequencies of occurrence of winds x10 kt
reduce sharply during autumn, with 486-50 percent predominating over
much of the central area of the sea, and less than 30 percent north
of 390N, Gale (234 kt) frequency of occurrence is less than 5
percent over the majer portion of the sea, Increasing to 5-10

percent north of about 470N,

3.6.1.3 Upper Level Winds

Figures 2-52 through 2-57 (page 2-72 to 2-74) depict upper
level flow patterns for the month of November. The strongest winds
{at the specified pressure surfaces) are found over southern Japan
at 200 mb with a mean speed of 120 kt. The winds diminish to about

35 kt over the northern Sea of Japan.

3.6.1.4 Visibility

Figure 2-58 (page 2-75) depicts the frequency of occurrence
of wvisibility 1limits during November. The frequency of occurrence
of visibllity 25 n mi is slightly improved over August due to less

fog: 80-90 percent over most of the central portion of the sea, and
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over 9@ percent along the southwestern coast. The percentage lowers
to under 80 percent north of about 450N. A corresponding reductlon

in frequency of occurrence of visibilities <2 n mi i3 also seen in

November.

3.6.1.5 Cloud Heights/Ceilings

There is a significant decrease 1in percent frequency of
occurrence of low c¢loud amount 25/8 from August to September.
However, as shown In Figure 2-59 (page 2-76), there 1s an increase
in low cloud amounts 25/8 from September to November. The percent
frequency of occurrence of 1low cloud celling <6086 £t and/or
visibility <2 n mi iIs less than 5 percent in the southern Sea of

Japan, and over 10 percent in the northern sea.

3.6.1.6 Precipitation

The months of autumn see a gradual lncrease 1in preclipitation
frequency throughout the period from a minimum of 8-17 percent in
September to about 8-25 percent in November.

Snow frequency (as a percent of observations reporting
precipitation) becomes a factor in October with a maximum of about
20 percent in the extreme northern part of the sea2 and the snow
limit 1line north of 450N. By November however, as the cold air of
the Siberian high invades the area, the snow limit line has reached
the southern limit of the sea, and the 68 percentile isoline extends

east-west along 450N,
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3.6.1.7 Sea State

The wave helight statistics for the Sea of Japan during
November as depicted in Fiqure 2-68 (page 2-77) reflect the
increased wind speeds and north to northwest directions discussed in
section 3.6.1.2. The frequency of occurrence of waves 25 ft (1.5 m)
is over 66 percent in the central and eastern portions of the sea,
decreasing to 1less than 48 percent along the western coastline
hetween 38°N and 460N. Waves 28 ft (2.5 m) occur more than 20
percent of the time over the central and eastern areas of the sea

and less than 20 percent elsewhere.

3.6.1.8 gurface Alr Temperature

By November (Figure 2-61, page 2-78) the surface air
temperatures over the Sea of Japan have cooled considerably from the
warm temperatures of summer. The mean temperature in the extreme
northern section is less than 38°F (-19C), while the southern sea
has a mean temperature cf abnut 590F (150C).

The extreme maximum temperature for the southern area is
about 720F (220C) while the extreme minimum temperature for the

northern sea is about 30F (-169°C).

3.6.1.9 Freezing Level

The altitude of the freezing 1level lowers drastically

between Auqust and November (Figure 2-63, page 2~88). The freezing
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L. level is at the surface north of about 469N during November,
LI increasing to 8,868 ft in the southern sea.
3.6.1.19 Ajrcraft Carrier Operating Conditions

Optimum aircraft carrier operating conditions, defined as

having a low cloud ceiling 25,088 ft (or no 1low cloud ceilingj,

. |

visibility 25 n mi, and wind 11-21 kxt, occur 286-35 percent of the
time over most of the sea during November, with less than 28 percent
-l frequency occurring east of 1409E between 450N and 499°N.

Poor cenditions, defined as having a low cloud ceiling <308

ft, or visibility <1 n ml, or wind <6 kt or 234 kt, have a frequency

:‘v

of occurrence of less than 2@ percent over most of the sea.

3.6.1.11 Seasonal Oceanographic Features
F@

Figure 2-62 (page 2-79) depicts the mean sea surface
temperatures during November. The onset of the colder autumn air
Il temperatures 1is evident, as the sea surface temperatures show a
significant decrease from the summer temperatures shown in Figure
2-48 (page 2-66).

[® Sea ice is again observed in the Sea of Japan during

Novemkar, but the approximate maximum extent of #.1 or greater ice

concentration is limited to the coastal waters north of about 43°ON

g and the non-coastal waters north of about 510N,
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3.6.1.12 Electro-Optical Conditions (See section 2.3)

The large scale pressure patterns will change rapidly over
the Sea during the autumn period. Tle southward passage of the
Polar Front and return of the Northeast Monsoon will develop within
a span of a couple of weeks. The result is a major change in all
weather conditions Inciuding E/C conditlons.

The local forcing will likewise change from summer patterns
to winter patterns within a few weeks period. 1In general the lee
side windward side patterns will reverse as well as the changes in
air mass and air sea temperatures differences. Forecasters should

be aware of these reversal and change patterns when returning to the

area following a short absence during which the transition occurred.

The following table presents statistical information on duct

heights for the regional area and season of interest:

CENTER OF AREA: 400H 1350E SEASON: AUTUMN

EVAPORATION DUCT HISTOGRAM IN PERCENT OCCURRENCE

Height September October November
{m) day nite both day nite both day nite both
8 to 4 7 13 1¢ 9 7 8 7 6 7
4 to 8 12 15 13 9 12 11 20 z5 22
8 to 12 12 15 14 15 22 19 37 35 36
12 to 16 15 29 17 17 25 21 21 23 22
16 to 280 11 9 18 21 117 19 9 7 8
208 to 24 9 7 8 7 9 8 2 1 1
24 to 28 4 7 5 6 3 4 1 1 1
28 to 32 4 1 3 1 2 1 2 1 )
32 to 36 2 1 2 1 ) 1 ) @ )
36 to 49 2 1 2 2 9 2 ) 1 1
above 440 22 11 16 13 3 8 5 1 3
Ave. Ht. 24 18 21 289 15 17 13 11 12




4.0 EAST CHINA fEA

4.1 Reglonal Features and Their Influence on Weather Phenomena

The East China Sea is bordered on the west by The People's
Republic of China, and on the east and south by the arc of the
Ryukyu Islands and Talwan. To the north, the sea ls bounded by the
Japanese island of Kyushu, South Korea, and the Yellow Sea (Flgures
4-1 and S-4-1). The East China Sea has a surface area of approxi-
mately 256,608 sq mi and an average water depth of about 620 ft
(189 m) (Newspaper Enterprise Association Inc., 1978).

The sea is accessible from the Philippine Sea/North Pacific
Ocean through many passages between the islands of the Ryukyu chain.
Access from the South China Sea is gained through the Taiwan Strait
between Taiwan and the Chinese malnland. To the north, the Tsushima
(Korea) Stralt between Korea and Japan leads to the Sea of Japan,
while the Yellow Sea 1ls accessible from the East China Sea through a
common 248 n mi Dboundary extending from the Yangtze (Changjlang)
River delta on malnland China to the South Keorean island of Cheju-
do.

The topography of the land areas adjacent to the East China
sea 1is generally unremarkable. The coastal areas of eastern
mainland China are characterized by extensive low lying mountain
ranges, which have elevations commonly below 3,018 ft (928 m). A

few peaks exceeding 5,906 ft (1,800 m) are found 156-206 mi inland,
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Figure 4-1. Major topographic features surrounding the East China Sea (adapted from Nestor, 1977)

4-2







FIGURE S-4-1. OCEAN FEATURES, YELLOW SEA AND EAST CHINA SEA.
19 MAR 80

Simultaneous Visual (S-4-1) and Infrared Images (S-4-2)

OSAN AB Visual DMSP: TN: 19/8242 GMT

synoptlc Features: A migratory high cell 1s resulting in clear sky
conditions over the southern Yellow Sea and northern East Chilna Sea,
providing an opportunity for viewing oceanic features of the area.

Satellite Image Features:

1. The major gray shade pattern seen off the coast of China
is caused by bathymetry features. Note that the pattern does not
correspond with the gray shades seen in the infrared image (see
Figure S-4-2). This delta fan 1like pattern 1is related to the
sediment deposits from the Yangtze River outflow. The pattern
appears to emanate from a point about 68 n mi north of the current
river mouth location (Huh, 1983).

2. The cloud pattern north of the Yellow Sea is associated
with a developing 1916 mb low. Comparing the visual and Iinfrared
images aids in identifying the varlous types/levels of clouds.

3. The cirrus pattern has been defined as a baroclinic leaf
and has been shown to proceed low level cyclogenesis.

Forecast Ajds:

1. There are several causes of gray shades in visual
imagery: sunglint area surface roughness, atmospheric aerosol
content, and bathymetry features. The majority of the gray shade
variations seen in this image are likely related to the 1light wind
situation in the ridgeline that extends from the coast of China,
across Korea, to northern Japan. One obvious exception 1is the
bathymetry feature of the Yangtze River, other possible exceptions
are the light gray shape cap around the tip of Shandong Peninsula
and the dark strip extending southwestward from Goto Island, cast of
Cheju-do Island. The dark strip downwind from Goto is probably due
to barrier effect drying. These subtle gray shade patterns can
provide significant 1insight to atmospheric conditions. But a
thorough understanding of the complexities of satellite imagery |is
necessary for proper interpretation. See the NEPRF NTAG series by
Fett.

2. The migratory high and developing low in combination 1s
an example of the bubble high forecast rule provided elsewhere.
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but the hlghest elevations near the coast are limited to 3,281-4,101
ft (1,000-1,250 m).

Talwan is mostly mountalnous, with peaks of 12,743 £t (3,884
m) and 13,114 £t (3,997 m) found in the northern and central areas
of the island.

The Ryukyu Islands are generally low in elevatlion, with
1,634 £t (498 m) on the northern end of Okinawa being the highest
point.

The Japanese island of Kyushu borders the northeast portion
of the East Chlna Sea. Mountalinous over most of 1ts extent, 1it's
hlghest peaks are 5,866 ft (1,788 m), 5,577 £t (1,700 m), and 5,223
£t (1,592 m).

The southern part of South Korea adJacent to the East China
Sea is mountainous, with one peak of 6,283 £t (1,915 m) close to lts
southern coast. Cheju-do, a prominent South Korean island located
some 57 n ml south of the Korean peninsula at the southwestern end
of the Tsushima (Korea) Stralt, 1is essentially one large mountaln,
with a maximum elevation of 6,398 ft (1,954 m).

Because of the generally 1low elevations of the larger
adjacent land areas, the topography exerts a rather small influence
on the weather over the East China Sea. One notable exception,
however, 1is found in the Taiwan Strait. Because of the rountalnous
terrain of Taiwan and the coastal range on the adjacent Chinese
mainlang, winds channeled through the strait experience an
acceleration due to a Venturl effect. The increase in veloclty s
especially evident during periods of strong northeast or southwest
rnonsoonal flow or when a tropical cyclone is in the wvicinity. The

accelerated wind phenomenon is discussed later in section 4.7.3.
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Perhaps the most significant feature of the region with
respect to 1ts influence on weather phenomena is not the surrounding
topography, but the sea itself. The bathymetry of the East China
Sea will be addressed in were detail later, but since the sea
profoundly influences the meteorology of the region, it will be
briefly addressed here.

The North Equatorial Current flows westward at tropical
latitudes in the western North Pacific Ocean until it 1reaches the
Philippine Sea east of the Philippine 1Islands. 1It then curves
northward as the Kuroshio Current and fiows to southwestern Japan,
where it splits 1into subcurrents. As it moves northward from the
Philippine Sea 1its path takes it just to the east o¢f Talwan, over
the eastern part of the East China Sea, approximately following the
Okinawa trough (Figures 2-3, page 2-7 and 5-4-2, page 4-7). The
Kuroshio 1is a warm current, 1like the Gulf Stream off of the United
States' east coast, and the Kuroshic Current exerts a simllar
influence on passing weather systems. Seemingly innocuous weather
systems moving offshore from the Chinese mainland may develop into
major storms after encountering the warm waters of the Kuroshio
Current. The disturbances, known as Shanghal and Taiwan lows
{(Figure 2-6, page 2-23), are particularly evident in the spring and
autumn and the environmentalist must be aware of their potential for
development. They are discugsed more fully in section 2.2.1.

Several small rivers from the extensive eastern watershed of
The People's Republic of China drain into the East China 8Sea, all
are insignificant compared to the runoff provided by the 3,409 mi
Yangtze (Changjlang} River, which drains 1into the sea near Iits
interface with the Yelliow Sea. The overall effect of riv r ocutflow

on the climate of the East China Sea reglon is not signif cant,
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FIGURE S-4-2. SST PATTERNS, YELLOW AND EAST CHINA SEAS. 19 MAR 89
Simultaneous Visual (S-4-1) and Infrared Images (S-4-2)
OSAN AB Infrared DMSP: TN: 19/8242 GMT

Synoptic Features: The large scale oceanic features 1include the
Tsushima Current which flows northward from the Kuroshio Split (near
300N, 1360E) to the vicinity of Cheju-do Island where it in turn
splits. The left branch continues northward into the central basin
area of the Yellow Sea and the right branch flows northeastward into
the southern Sea of Japan.

Satellite Image Features:

1. The warm Tsushima and Yellow Sea Currents are evident as
darker gray tones in the cloud free areas (se2 simultaneocus visual
image Figure S-4-1). Note: The 1labels are actually on cloud
features.

2. The 1lighter gray shades seen in the shallow bays along
southern Japan and over the coastal shallows and shelf areas of the
Yellow and East China Seas indicate relatively cold surface waters.

3. The cold fresh (low salinity) outflow from the Yangtze
River flows over the denser more saline sea water and 1is seen as
lighter gray ribbons near the river mouth. Note that there are some
low stratus/fog just to the southeast of the river mouth.

4, Cold coastal water 1Is seen along western Korea.
Relatively warm water (darker gray) is seen between Cheju-do 1Island
and the southern coast of Korea.

Forecast Alds:

1. The areal distribution of warm and cold surface water 1is
evident in a properly enhanced infrared image. The major current
patterns and areas of warm or cold water are relatively persistent
and once defined will provide useful information for several days.

2. The cold coastal waters flowing south and east around
southwestern Korea sink under the warm Tsushima Current warms during
winter. During spring and autumn the c¢o0ld surface boundary will
extend southward to a line between Cheju-do and Tsushima Islands.

3. Cold but 1low salinity waters from the rivers feeding

intc the Yellow and East China Seas will flow over the ocean coastal
waters.
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4.2 East China Sea Oceanoqraphic Features

The East China Sea (ECS) oceanographic features reflect the
combined influences of regional atmospheric forcing and bathymetry,
plus the interaction with 1large-scale hydrographic (current)
patterns.

The atmospheric monsoon regime that prevails over the ECS
provides cyclic seasonal forcing that dominates the regional
oceanographic processes. Atmospheric forcing occurs in two modes:
in winter by cooling and destratificatlion due to strong cold and dry
northerly winds, and in summer by extensive precipitation, river
runoff, and solar heating, which produce a well-stratified water
column with a warm, 1low-salinity surface 1layer. (Huh, 1982).
Understanding the variations 1in seasonal atmospheric forcing and
sources of water are «critical to understanding the seasonal
variability in oceanographic conditions throughout the ECS.
Seasonal conditions are further agitated by strong winter cold
outbreaks and by summer typhoon passage.

The ECS hydrographic conditions are influenced on the
western side by the discharge of the Yangtze (Changjiang) River. On
the east side, the Kuroshio Current and its branches and extensions
exert strong influences. The main body of the Kuroshio does not
flow over the continental shelf; however, its effect is felt through
its branches and extensions, which flow over the shelf area and mix
with the continental coastal water.

The ECS bathymetry is divided 1into two contrasting
provinces: the shallow water, broad continental shelf and the deep

water Okinawa trough. The shelf area 1is relatively narrow and
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elongated, extending from near 22°N to 40ON. The depth contours
(isobaths) generally parallel the north-south coast. The trough
extends from Taiwan to Kyushu along the inner Ryukyu Island arc.
Regio o

The following hydrographic phenomena of the shallow water
area are considered to have significant potential for impact on
naval operations:

(1) the diluted water of the Yangtze (Changjiang) River,

(2) coastal upwelling off Zhyiang,

(3) eddies on the continental shelf,

(4) an "against-the-wind current" in winter off the SE

coast of China,
(5) the direct relationship between winter winds and ocean

currents, and
(6) wvigorous tidal action.

Yangtze (Changilang) Inflow: Initially, the Yangtze

(Changjiang) discharge water flows southeastward along the direction
of its mouth. A short distance from shore it turns cyclonically ¢to
the east and northeast. 1In the flood season the water tongue of the
Yangtze (Changjiang) diluted water may extend as far as the area of
Chyu Island (Figure S-4-3). 1In the diluted water region salinity as
1ow ¢s 5%/ee are found near the river mouth and the 319/a2¢ 1isopleth
may extend eastward as far as 12590E.

Coastal Upwelling off Zhejjang (Chipa coast noxth of Taiwan
to near 300N); This is generally a summer condition. The short-term
variability relates to the Iintensity of the Southwest Monsoon
surface wind. 1In the region of upwelling the temperature increases
and the salinity decreases from west to east in the uvpper layer of
the ocean. Summer upwelling has also been noted along the

northeastern and southeasterh coasts of Taiwan.
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FIGURE S-4-3. YELLOW SEA SPRING. 9 APR 88
OSAN AB Infrared DMSP: DN: @9/6235 GMT (TS (T=2859K))

Synoptic Features: The Yellow Sea Warm Current extends northwestward
from the Tsushima Current near the Tsushima/Korea Strait and then
northward over the deep basin portion of the Yellow Sea (¥YS) (Figure
2-4, page 2-11). The cold coastal current flows southward around
the Shandong Peninsula and over the shelf area of the East China Sea
(ECS). A portion of the oceanic Polar Front can be seen in the
cloud free part of the west central Sea of Japan (S0J). The
corresponding visual image of this pass is seen in Figure $-5-5
(page 5-25).

Satellite Image Oceanographic Features:
1. The warm Yellow Sea Current.
2. The oceanic Polar Front of the S0J.

3. The cold coastal current flowing southward around the
Shandong Peninsula and along the China coast.

4. The warmer waters of the Tsushima Current £lowing
through the Tsushima/Korea Strait, primarily on the Japanese side,
is only partially evident because of cloud cover.

5. The cold water of the Yangtze (Changjiang) River 1is in
clear contrast with the warmer 1land. There 1is evidence of the
offshore path of the cold water in the form of a faint 1light gray
shade cyclonically curved plume extending eastward from the southern
outflow point of the river.

Forecast Aids:

1. Near 1so-thermal, half-channel conditions dominate the
YS and the shelf portion of the ECS during the cold seasons. The
warm Yellow Sea Current will result in some vertical stratification
ovir the southern YS.

2. The oceanic Polar Front 1s a year round feature of the
central S0J. A change from half-channel to full-channel conditlons
occurs across this feature during the winter.

3. The warm water features along the Polar Front are
generally shallow 1lens or wedge shaped in the vertical. Wwhen well
developed warm eddies or well defined current boundaries are
evident, the warm water will extend to greater depths.

4. The thermal structure across the Tsushima/Korea Strait
typically reflects a frontal discontinuity pattern, cold on the
Korean side, warm on the Japanese side.




Eddies on the Continental fhelf: Several eddies have been
found that appeared frequently In the past. The majority are cold

cyclonic eddies which tend to be more stable than warm anticyclonic

eddies (Figure S-4-4).

Cold cyclonic eddies:
(1) north of Taiwan, near surface (260N, 1220E)
(2) south of Cheju-do 1Isiand to the 1left side:  of the
Tsushima Current in the near bottom layer (320N, 126°E)
(3) northeast of the Yangtze (Changjiang) River mouth in
summer at the surface (330N, 1230E)

Warm anticyclonic eddy:
(1} northeast of Taiwan to west of the Kuroshio in summer
at the surface (270N, 1230E)

"Agajnst-the-Wind" Current in Winter: In winter a southerly

current driven by the northeasterly monsoon flow exists along the
China coast. However, once away from the coastal zone and at depths
below about 5 m, there is a northeast (against-the-wind) current. a
similar pattern of currents exists through the Taiwan Strait and
southward into the South China Sea during winter.
Winter winds and Responding Currents and SST Gradjents:

Cold coastal currents off eastern China and western Korea are
enhanced by prolonged strong noxrth2rly winter winds. In response,
as a return flow current, the northwesterly extension of the
Tsushima Current (the Yellow Sea Warm Current) also 1is enhanced.
The result 1is intensified SST gradients in the boundary regions of

these juxtaposed but thermally, as well as directionally, opposite

currents.
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FIGURE S-4-4. KUROSHIO SPLIT, SIMULTANEOUS VISUAL AND
INFRARED IMAGES. 18 MAY 84

OSAN AB Infrared DMSP: TN: 18/0136 GMT

: The large scale oceanic surface thermal features
include: the Kuroshio split, the Tsushima Current flowing northward
from the split and then northeast through the Tsushima/Korea Strait,
the warmer waters of the Tsushima continue northward along the
eastern Sea of Japan with outflow.- occurring through £first the
Tsvqaru and farther north the Soya Straits. The warm outflow
through these two straits turns sharply southward along the
northeast coasts of Honshu and Hokkaido, respectively, 1in what is
referred to as coastal modes. East of Tsugaru Strait a small
portion of the perturbed area created by the converging cold Oyashio
and warm Kuroshio Currents can be seen.

Satellite Image Features:

1. The Kuroshio split just south of the southern most part
of Japan.

2. The northward flow from the split area of the Tsushima
Current.

3. The thermal contrast across the Tsushima/Korea Stralt,
cold on the Korean side, warm on the Japan side.

4. The relatively warm waters on the east and south sides
of the Sea of Japan and cold on the north and west sides. The
minimum contrast of gray shades across the south central Sea of
Japan in this 1image 1is 1likely caused by masking of the surface
temperatures by the high level return from a cirrus band.

5. The outflow through the Tsugaru and Soya Straits. Note
that the thermal pattern £from north to south across these two

straits is similar to that across the Tsushima, cold on the north,
warm on the south.

6. The warm water turns southward after exiting the Tsugaru

and Soya Straits and 1iIs confined to a narrow band along the
coastline.

7. The western end of the perturbed areas resulting from
the confluence of the cold Oyashio and warm Kuroshio Currents east
of Japan is seen east of the Tsugaru Strait. This pattern extends
eastward beyond 1600E into the Central Pacific.

Forecast Aids:

1. The major features of the Kuroshio and Tsushima Currents
will persist over extended periods of time. The latest available
positioning view should be retained until direct evidence of a
change becomes known or a new satellite view is available. Neither
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the large scale numerical analyses and forecasts, nor products
derived from them will reflect the strong thermal boundaries that
are evident in the imagery.

2. The infrared temperature sensed by the satellite sensor
is an integrated value from the entire atmospheric column. The best
SST readings are obtained through c¢old and dry atmospheric
conditions. The normal strong gray shade contrast across the
southern Sea of Japan caused by the cold water of the Liman Current
along the north and west sides and warm Tsushima Current along the
south and east side, are largely masked in this image due to the
added high 1level moisture associated with the cirrus shield
approaching from the west. The effects of increased atmospheric
moisture include both attenuation which 1lowers all temperature
values sensed and suppression of temperature differences because of
increasing attenuation with increasing surface temperatures which
reduce the real temperature differences or gradients.

3. The surface water of the northern parts of the Tsushima,
Tsugaru, and Soya Stralts will be colder than the southern side
where the warm outflow is located. There are known variations to
this, including:

A. The cold water flowing south and east around
southern Korea sinks under the warm Tsushima water during
winter. 1In spring and into summer when heavy run-off
reduces the cold water salinity, it overrides the Tsushima
waters and produces a frontal zone near a line between the
islands of Cheju-do and Tsushima.

B. During the summer when surface heating results in
uniform sea surface temperature values and a mixed layer
(full-channel conditions), even though it is guite thin over
the northern waters, the obvious thermal contrast 1is not
there.

C. The inflow (Tsushima) and outflow (Tsugaru and
Soya) are strongest during summer and therefore Iincreasing
portions of the Straits will be covered by warm water as the
summer season approaches and also following it. During
winter the cold water portion is largest.

4., The coastal mode outflow is a year round feature of the
Soya Strait. The outflow of the Tsugaru changes to a warm gyre mode
that extends eastward to near 143°E during the summer strong outflow
period.

5. The perturbed area east of the Tsugaru Strait and the
main Japan island of Honshu is a year round feature. A series of
gyres are typlically aligned east-west along it and its north-south
extent is on the order of 300 n mi. Little evidence of this general
feature is reflected in numerical products and the gyres are not
likely to be reflected at all.
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Tides: The tidal range over the ECS increases from east to
west. Maximum heights of 2 to 3 ft occur 1iIn the Ryukyu 1Islands,
increasing to 15 to 28 ft around Talwan and to over 3@ £t in the
mainland Hangchow Bay southwest of Shanghai. Maximum tides occur
during summer and winter.

The combination of tidal action and ocean currents
(Kuroshio) result in some strong 1local tidal currents 1in the
vicinity of 1islands and narrow channels. Tidal currents of 2 to 3
kt are not unusual along the Ryukyu Island chain and speeds of 5 kt
have been reported in the Tokara Strait (near 360N, 130°E).

Bathymetry: The continental shelf varies in width from about
15¢ 1n mi near Taiwan to 400 n mi near the northern boundary (33°N).
The shelfbreak occurs at depths from 1586 to 178 m. There are a few
scattered 1islands near the outer edge of the shelf. Terrigenous
sediment deposited from the outflow of the Yangtze (Changjiang)
River 1is the primary origin of the shelf material. The general
‘composition is comprised of a 75 n mi wide belt of mud out from the
shore with a brocader paralleling zone of fine-grained sediments
changing to sand over the outer shelf zone. There 1is a large
submerged mud delta off the mouth of the Yangtze (Changjiang) River
which spreads over a radius of about 180 n mi. Water depths over
this delta are only about 38 m. The turbidity associated with this
delta is visible in satellite imagery (see Figure S-4-1, page 4-3).

The Okinawa trough, with depths to near 227¢ m near Taiwan,

borders the continental shelf. The steep western slope of the

trough is the continental slope.
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currents: The circulation pattern of the ECS consists of two
systems: the warm saline current of oceanic origin, and the 1less
saline coastal current. This results in a cyclonic gyre with the
Kuroshio-Tsushima warm current and its extension on the east side,
and the ECS coastal current on the west side. Tnis closed circle
circulation is strongest in the winter when the ECS coastal current
is best developed. During summer the southern portion of the ECS
circulation is more a band of predominant northeast £flow than a

closed gyr~ flow.

Temperature and Salinity: The near surface temperature and
salinity values over the continental shelf area show marked seasonal
variations, while the region of the warm currents, Kuroshio over the
Okinawa trough and the extension of the Tsushima Current through the
Tsushima Strait, 1s more stable. During the cold season isothermal
(half-channel) conditions exist from the surface to the bottom in
the shallow coastal area. 1In winter the pattern of the isotherms
throughout the vertically homogeneous layer and the 1isobaths are
very similar. During all seasons a two-layer ocean structure and
thermocline are found over the deeper shelf and trough areas, and

wherever a warm surface current occurs.

Sea Jce: Sea ice does not occur in the ECS area.
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4.3 ¥inter (mid-December to mid-March) (See section 2.2.1.5)

The weather over the East China Sea 13 under the Iinfluence
of the Northeast Monsoon during the winter. The Polar Front lies
well south of the southern limit of the sea throughout the season
(Figure 2-5, page 2-18). A generalized winter synoptic pattern is

depicted in Figure 2-8 (page 2-29).

4.3.1 Climatology

With the Polar Front south of the area, the weather over the
East China Sea is dominated by modified continental polar (cP) air
forced southward by the Siberian high. The Siberian high, at its
greatest strength during the winter, fluctuates both 1in intensity
and position 1in response to ..tmospherlic changes aloft (Figure S-4-
5). These changes are caused by migratory mid-tropospheric
disturbances which cause cold surges to move through the area.
Surface temperatures at the source region range generally from 150F
to -400F, but the air is adiabatically warmed as much as 259F in its
primarily downslope trajectory toward the coastal waters. By the
time the air reaches the East China £Sea, 1t has been further
modified by its marine trajectory so that the temperatures
experienced are markedly warmer than those seen over the Sea of

Japan and the Yellow Sea.
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FIGURE S-4-5, WINTER COLD OUTBREAK. 6 FEB 80
Visual DMSP: DN: @6/0006 GMT

Syno F : A large 985 mb 1low near 399N, 1550E and an
intense 1664 Asian high are causing a strong northerly flow and an
outbreak of cold air over the Sea of Japan and adjacent seas.

Satellite Image Features:

1. The widespread numerous cloud lines vividly deplict the
intensity of this cold air outbreak. air temperatures at or below
freezing covered the entire Yellow Sea, Sea of Japan, Sea of
Okhotsk, and portions of the open Pacific north of about 480N on
this day 1in February 1986. Sustained surface winds were in the 20
to 49 kt range.

2. The local funneling patterns of valleys and breaks in
the terrain are clearly indicated by the length of cloud free paths
seaward and downwind from the terrain features. Cloud free paths
are shorter downwind £rom valleys or low elevation terrain where
minimum drying of the air during flow down the terrain slope to sea
level has occurred.

3. Small scale vortices, 1likely terraln 1induced, are
evident in the northern Sea of Japan.

4. The buildup of clouds on the windward side, and
pronounced drying on the lee side is frequently seen over Japan and

0ff the Asian continent.

5. A change in the cloud south and east of Japan indicates

the change in 1low 1level flow from cyclonic to anticyclonic
curvature.

6. Continuing downwind in the area of anticyclonic f£flow,
the clouds take on a flat topped, closed cellular pattern, becoming
continuous smooth topped, layered, stratiform type.

7. Variations in the mean vertical wind shear through the
cloud layer result in three convective cloud regimes: (7a) Cellular
under light shear, (7b) transverse bands with moderate shear, and
(7c) longitudinal bands with strong shear.

8. The cloud lines change from lines parallel (longitudinal
bands) to the wind shear through the cloud layer to rows of clouds
perpendicular (transverse bands) to the wind shear in several areas

of the image indicating weakening shear through the cloud layer (not
labeled).

9. The 1length of the cloud free path increases with an
increase in the upwind terrain height and decreases with the
strength of the winter monsoon. These relatlionships are a result of
increased drying of air during extended downslope flow and enhanced
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thermodynamic effects (moisture flux and heating from below) during
extreme cold and high wind conditions of strong outbreaks (not
labeled).

Forecast Aids:

1. The intensity of conld air outbreaks 1is reflected in
satellite 1imagery by the convective cloud regimes. Areas of strong
outflow are marked by longitudinal bands, the stronger the outbreak
the longer and wider the longitudinal bands.

2. Over the western Sea of Japan, the length of the cloud
free path downwind from the western coastline will vary from less
than 30 n mi under strong outbreaks to 188-246 n mi under weak out-
breaks.

3. Opposite valleys and 1low terrain, the «cloud f£free
distances will be relatively short compared to areas opposite high
terrxain.

4. During winter outbreaks the dew points over USSR will be
below -280C, increase to about -18 to @°C over Japan, and reach 18°C
about 3086 n mi south and east of Japan. Air temperatures will
closely reflect the SST except near the coastlines and over terrain
where lower air temperatures will reflect the source region and
elevation factors.

5. The change from longitudinal to transverse to cellular
convective cloud patterns reflect decreasing wind shear through the
cloud layer. Typical values are: Shear greater than 4-5 kt/1008 ft
results in longitudinal bands, for 3-4 kt/1000 ft transverse bands,
and for less than 3 kt/1008 ft cellular clouds.

6. Under moderate or stronger outbreaks, light snow showers
will occur over the eastern Sea of Japan, increasing in intensity to
heavy showers along western Japan. Two regions of frequent enhanced
convective clouds and shower activity have been noted near 469N,
1350E and off the northwest corner of Sado Island. These are likely
associated with SST pattern boundary regions.

7. Generally the 1length of the cloud <iIree path will
increase from the northern to southern portion of the western Sea of
Japan.

8. Heavy snow will fall over western Japan under cold
outbreak regimes, with deposits measured in feet over the western
slopes of mountainous areas.

9. For E/O forecasts the best ranges will be in the regimes
of cloud fi1°e and shower free areas. Conditions will vary between
the alternat.ag 1longitudinal/transverse bands. These bands have
width dimensions of 18 to 68 n mi with 20 to 3¢ n mi widths being
typical.
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1. Improved E/0 ranges in coastal regions will be £found
downwind from high terrain, 1in the lee of island barrier effects,
and in the clear slots between cold bands.

11. A lee side pressure trough will typlically be found off

the Aasian coast during cold outbreaks, with drops of 3-4 mb's
typical.

12. During winter outbreaks the 1length of cloud free
distances to the 1lee of the Japan Islands is near zero where the
coastal Ta = #. As the Ta decreases the cloud free path increases

appreciably, reaching 1lengths of near 268 n mi where coastal Ta's
are -159C or less.

13. The wind profiles through the three convective cloud
patterns all tend to¢ show maximum speed shear in the layers below
and immediately above the cloud layer. They differ in that through
longitudinal regimes the shear is near constant from the surface to
3 to 5008 £ft, increasing from surface speeds to 68 to 78 kt near
3009 ft. Through transverse banding the gpeeds are near constant
through the cloud layer, while in cellular regimes the gspeed may
actually decrease through the cloud layer. 1In the latter two cases
(transverse and cellular) the resulting wind shears (just above and
just below with 1little or no shear through ttr cloud) may be of
greaier threat tc aircraft than the case of the continuous shear
through the longitudinal cloud layers.

14. The changes 1in convective cloud regimes shown 1In

satellite 1imagery provides insights on forecasting 1low level
turbulence due to wind shear.
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4.3.1.1 gSynoptic Patterns

Figure 2-6 (page 2-23) depicts the tracks of extratropical
cyclones that normally occur throughout the year. Of the six types
depicted, only one -- the Talwan Low (track F) -- will significantly
aftect the weather over the East China Sea during winter.

0f the frontal types, only the Western and Central types may

significantly impact the weather over the East China Sea.

4.3.1.2 Surface Wind

January 1is the windiest of the winter months over the East
China Sea, with February's winds (Figure 2-9, page 2-31) only
slightly lower. Northerly winds prevail, reflecting the flow of the
winter monsoon. The only significant incidence of gale force (234
kt) wind occurs in the Taiwan Strait (identified in Figure 2-3 page
2-7), where the northerly winds are accelerated due to a Venturi

effect between the mountains of Taiwan and the Chinese mainland.

4.3.1.3 Upper Level Winds

Figures 2-16 through 2-15 (pages 2-32 to 2-34) depict upper
level flow patterns for the month of February. Maximum velocities
(at the specified pressure surfaces) over the East China sea occur
at 200 mb and 309 mb where winds of 125-148 kt are indicated. The
area near southern Japan is known to have the strongest and most

persistent jet stream speeds in the world, with veloclities exceeding
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268 kt not uncommon. Such winds may be observed over the northern

part of the East China Sea during the winter months.

4.3.1.4 Visibjility

Winter visibilities over the East China Sea are generally
good, with visibilities 25 n mi occurring between 88 and 90 percent
of the time over most of the sea. éigure 2-16 (page 2-35)° depicts
visibility statistics for February. More favorable visibilities are
observed over the northeast portion of the sea, while the greatest

incidence of reduced visibility is found in the southwest portion.
4.3.1.5 Cloud Heijghts/Ceilings

Figure 2-17 (page 2-36) is an example of combined low cloud

and visibility statistics for Februvary. There is some varlation

_between the individual months of winter, but for each month, low

cloud ceilings (low cloud amount 25/8) generally exist between 69
and 75 percent of the time over most of the sea, with the greatest
incidence occurring over the southwest portion of the sea.
Statistics of combined low cloud ceiling and visibility 1limits of
<688 ft and/or <2 n mi show deteriorating conditions throughout the
winter, with the higher frequencies of occurrence seen south of 36°N

and west of about 123°E.

4.3.1.6 Precipjitation

During winter, a maximum precipitation frequency of 28-25

percent occurs near the Taiwan Low track in the southwestern portion
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of the sea in an elongated area roughly bounded by 249N to 299N and
1220E to 1240E. The remalnder of the East China Sea has
precipitation occurrences of less than 20 percent, except less than
15 percent north of about 31°N. The approximate southern 1limit of

snow observations for the year is about 280N in February.

4.3.1.7 Sea State

Wave height frequencies of occurrence are depicted in Figure
2-18 (page 2-37). The wave height statistics reflect the northerly
winds of winter, as th> percentile isolines for waves 25 ftr (1.5 m),
28 ft (2.5 m) and 212 ft (3.5 m) increase from north to south. The
greatest incidence (about 20 percent frequency of occurrence) of the

higher wave heights is seen in the Taiwan Strait.

4,3.1.8 Surface Air Temperature

January and February are the coldest months of the year over
the East China Sea but the surface air temperatures (Figure 2-19,
page 2-38) are relatively mild when compared to adjacent waters to
the north. The mean air temperature 1is about 430F (69C) in the
northern part of the sea near the Tsushima Strait and 660F (199°C) in
the southeastern part near the Ryukyu Islands. The extreme maximum
temperature near the southern Ryukyu Islaunds is 779F (2590C) and the
extreme minimum temperature near the Tsushima Strait is about 320F

(goC).




v S e R A b e b b N S

4.3.1.9 Freezing Level

As depicted in Filgure 2-21 (page 2-48), winter freezing
levels range from a low of about 3,860 ft over the northern East
China Sea to over 10,9000 ft in the southern areas. Little

{ difference is seen between January and February, the months with
lowest freezing levels. By March the 1levels increase by
approximately 2,008 ft as they begin their rise to summer levels.
4.3.1.10 Aircraft Carxijer Operating Condjtions

Each of the winter months has approximately 18 to 20 percent
frequency of occurrence of optimum aircraft carrier operating
conditions (defined as having a low cloud ceiling 25,8008 ft (or no
low cloud ceiling), visibility 25 n mi, and wind 11-21 kt) over the
East China Sea.

Poor conditions (defined as having a low cloud celling <308
ft, or visibility <1 n mi, or wind <6 kt or 234 kt) occur with about
the same frequency -- 16 to 28 percent -- except 1less than 10
percent in the southern sea during February and more than 20 percent

along the coastal areas of the western sea during March.

4.3.1.11 gSeasonal Oceanographic Features

January and February are the months of coldest sea surface
temperatures for the East China Sea. As shown in Figure 2-28 (page
2-39), February temperatures range from an approximate high of 68°OF

o (20°C) in the scuthern waters to a low of about 50°F (16°C) 1in the
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northern areas. Little warming of the sea surface is seen until
April.

The strong cold and dry winter northerly winds induce
vigorous convective activity. The shallow areas over the
continental shelf (generally 1less than 50 m depths) become
vertically homogeneous. This creates a half-channel condition for
sound propagation. Oon the other hand, horizontal temperature
gradients become strong, resulting in rapidly changing sound speed
conditions. The horizontal temperature and salinity gradients are
enhanced by southward £flowing coastal currents of c¢old, low-
sa’inity, high-turbidity waters along the China coast and west coast
of Korea. The cold coastal water extends southward beyond Taiwan.
The width and shape of the cold current closely resembles the area
between the coast and the 56 m isobath. The warm Kuroshio and
Tsushima Currents, while at their minimum annual flow volume, are
maintained seaward of the continental break. An area of warmer
water extends northwestward from around Cheju-do Island toward the
Shandong Peninsula. The warm and high salinity water of the
Tsushima overruns the c¢o0ld and low salinity Yellow Sea water and
extends northward ton near the South Korea coast. Note that this |is
in contrast to the fall conditions where a strong surface thermal
front is found between Cheju-do and Tsushima 1Islands. Wave and
swell heights are at seasonal maximum and reflect the prevailing

strong northerly winds.

4.3.1.12 FElectro-optical Conditions (See section 2.3)

Under the winter Northeast Monsoon flow pattern cold dry

continental polar alr from off Asia dominates over the East China
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Sea. These conditions result in generally Iimproving E/O range as
the Northeast Monsoon Intensifles. The well mixed atmosphere
resulting from heating from below by the relatively warm ocean
minimizes inversions and stable 1layers and results in an annual
minimum of ducting and superrefraction layers.

The large scale and seasonal trends are for improved E/O
conditions when progressing from south to north and from autumn to
winter. The local conditions of an area frequently modify these
large scale considerations and may in fact reverse them.

The 1local conditions of the East China Sea (ECS) during
winter result in the following mean pattern. The E/O conditions are
gradually degraded from west to east and north to south in response
to the warmer sea surface temperatures and resulting flux of
moisture into the marine layer. Cloud cover and shower activity
increases over the warm ocean current areas. Surface winds also

increase over the warmer waters due to 1increased convective

activity. The marine 1layer thickness will increase from west to

east and ncrth to south resulting in a lowering of elevated
inversions from the open sea (over warm current areas) toward the
Asian coast and northern ECS. The mean height of elevated ducting
layers Iincreases from about 1408 m in the north to 2200 m over
southern Taiwan.

During strong cold air outbreaks convective cloud lines will
form aligned with the direction change (shear) through the cloud
layer (marine layer). Transiting across these cloud lines will
result in marked changes of E/O conditions between the cloudy
regions and clear zones. In general E/O conditions will be degraded

in the <cloudy areas and improved in the clear. Marine layer
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thickness and therefore elevated inversion heights will increase in
the cloudy areas and be at a minimum in the clear zones,.

Terrain features are not as significant along the coast of
China as off the USSR in the Sea of Japan, but 1island barrier
effects will cause 1lee side drying and enhanced E/0 conditions.
Ocean current boundaries are significant during the cold season over
the ECS and will causes marked 1local variations in 1low level
atmospheric conditions.

Northward movement of the Polar Front during weak Northeast
Monsoon periods will result 1in large wvariations in weather
conditions in general and E/O ranges in specific over the extrene

southern ECS during winter.

The following table presents statistical information on duct
heights for the regional area and season of interest:
CENTER OF AREA: 270N 1250E SEASON: WINTER

EVAPORATION DUCT HISTOGRAM IN PERCENT OCCURRENCE

Height December January February
(m) day nite both day nite both day nite both
¢ to ¢ 2 2 2 2 2 2 5 4 5
4 to 8 3 4 4 4 5 4 6 8 7
8 to 12 8 19 9 9 11 19 11 15 13
12 to 16 15 18 17 20 23 22 19 24 21
16 to 20 21 28 24 25 27 26 22 23 23
28 to 24 21 20 20 18 18 18 16 14 15
24 to 28 12 1@ 11 9 8 8 7 5 6
28 to 32 5 4 4 4 3 3 2 1 2
32 to 36 2 1 1 2 1 1 1 1 1
36 to 490 1 g 1 1 ) g 1 a 1
above 49 9 3 6 7 2 4 11 4 7
Ave, Ht 22 19 21 21 18 19 21 17 19
4-30
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4.4 spring (mid-March to mid-June) (See section 2.2.1.6)

Spring is a season of major changes In the coastal waters of
eastern Asia. The Siberian high begins to lose strength, resulting
in a weakening of the winter monsoon and a gradual northward
migration of the Polar Front. The Southwest Monsoon begins to
establish itself. Figure 2-22 (page 2-42) depicts a generalized
synoptic pattern for May, a typical spring month. Figure S-4-6

provides a satellite view of the East China Sea in Spring.

4.4.1 Climatology

Spring (mid-March to mid-June) is a transition season for
the East China Sea. As the Siberian high weakens, the Polar Front
begins the annual northward migration from 1ts winter position
between Taiwan and the Philippine Islands, as shown in Figure 2-5
(page 2-18). As the Polar Front moves northward, extratropical
waves develop along the frontal zone -- typlcally near Taiwan and in
eastern China. Upper atmospheric disturbances (short wave troughs)
transit the northern part of the sea. Associated "bubble highs"
break off from the weakened Siberian high and move eastward.
Cyclogenesis in the induced trough between the "bubble high"™ and
Siberian high occurs over the region during this season. Thermal

lows may be expected to form over China and northeastern Manchuria

by the end of the period.
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FIGURE S-4-6. SPRING REGIONAL VIEW, EAST CHINA SEA. 18 MAY 84
OSAN AB Visual DMSP: TN: 18/8136 GMT

Synoptic Features: The northward migration of the Polar Front (Mei-
Yu/Bai-U Front) and the threat of tropical storm activity are evi-
dent in this image. Weather north of the front 1is generally fair
with light to moderate winds.

Satellite Image Features:

NOTE: See figure S-7-4 (page 7-26) for additional comments
relative to labels 1-4.

1. The Meil-Yu/Bai-U front extends from scuthern China ¢to
south and east of Japan.

2. A tropical cyclone is approaching Taiwan with a second
one less than 19069 n mi to the east.

3. A small scale convective cloud pattern forms south of

Japan where the northerly surface winds flow over the warm Kuroshio
Current.

cast

1. The daily movement of the Mei-Yu/Bai-U front and
embedded weak 1lows with enhanced convective activity are best
monitored by satellite imagery.

2. Both large scale (fronts, etc.) and small scale (local
wind patterns) can be detected in satellite imagery. The large
scale features are generally well handled by numerical guidance, but
the small scale features must be detected by local observations or
satellite imagery. Knowledge of both the 1large scale and small
scale patterns and seasonal changes as obtained from climatological
studies 1is necessary in order to properly interpret imagery and
develop the best possible analyses and forecasts.

3. The E/O conditions will vary from tropical in nature
south of the Mei-Yu/Bai-U front to mid-latitude characteristics to
the north. Generally south of the front the conditions are,
unstable, moist, and warm. North of the front they are, stable
cool, and dry. The underlying oceanic thermal and current patterns

will cause local modifications of the general atmospheric
conditions.
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4.4.1.1 gynoptic Patterns

Figure 2-6 (page 2-23) depicts the tracks of extratropical
cyclones that normally occur throughout the year. Of the six shown,
two have tracks which impact the weather over the East China Sea
during spring: the Shanghai Low (track D), and the Taiwan Low
(track F).

The location and northward migration of the Polar Front is
depicted in Figqure 2-5 (page 2-18). An examination of the figure
reveals that the mean position of the front during March -- the
start of the spring season -- is well south of Taiwan and the East
China Sea. By April it has moved northward to a position at the
extreme south end of the sea, and by June has reached the southern
extremity of Kyushu (Figure 4-1, page 4-2), the southernmost of the
four largest Japanese islands. The slow northward migration of the
front positions it over the East China Sea from April to June. The
spring season also sees the Mei-Yu/Bai-U front form over southern
China and the southern East China Sea (Figure S-4-7, page 4-35).
Both fronts bring extensive cloudiness and precipitation to the area

and make spring the "rainy season" of the region.

0f the frontal types discussed, only the Western type is
considered a threat to the weather over the East China Sea during

spring.
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FIGURE 5-4-7. SPRING, MEI-YU/BAI-U FRONT. 25 APR 84
OSAN AB Visual DMSP: TN: 25/86224 GMT

synoptic Features: The Mei-Yu/Bai-U front extends from south central
China east-northeastward to just south of Japan. A 1824 mb high is
centered southwest of the Shandong Peninsula.

Satellite Image Features:
1. The Mei-Yu/Bai-U frontal band dominates the picture.

2. Convective cumulus is widespread over the USSR and
northern Japan 1land areas in this late morning/mid day local time
image. The cumulus buildups are just starting to show cirrus
plumes. Surface observations at @300 GMT indicate widespread low
type 2 clouds with scattered reports of low 3 and 9 and occasional
rain showers.

3. Clear skles prevall over the water areas clear of the

Mei-Yu/Bai-U front, except for the remains of a land breeze front
off eastern Kourea.

4. The rope cloud along the leading edge of the cloud band
east of Taiwan indicates the area of surface wind shifts. South of

it surface winds are southwesterly, to the noxrth they are
noxtheasterly.

5. Brilliant sunglint around Luzon and on the Cagayan River

of eastern Luzon implies light surface winds at this 1late morning
pass time.

6. Low clouds along eastern Talwan are £illing the coastal
valleys and provide evidence of the northeasterly low level flow and
cloud levels of that area.

7. Thin cloud lines, as seen over the South China Sea, have
been found to be aligned within 20 to 380 of the surface winds 1in

the tropies. In this case indicating the southerly flow of the
tropical circulation.

Forecast Aids:

1. The Mei-Yu/Bai-U front i1s the major weather producer
over the waters off eastern Asia during the spring season. While it
is an annual event, there are variations from year to year relative
to time of passage and intensity. At any given time the front will
have areas of enhanced convection and more intense weather migrating

along it. These so called pulses generally have cyclic periods of
about 18 hours.
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2. When rows of small cumulus are seen over land in morning
satellite passes, afternoon thunderstorms are 1likely.

3. Clear of the Mel-Yu/Bai-U front, the over water areas of
the inland seas generally experience mostly clear skies, 1light
winds, and fair weather during the spring period.

4. The shift of surface winds associated with the Mei-
Yu/Bai-U front typically occurs near the leading edge of the cloud
band. If a rope cloud is present it is a strong indicator of the
location of the surface wind shift.

5. A number of image features provides evidence of the
surface wind pattern including: Sunglint patterns, rope clouds, thin
cloud lines over tropical oceans, and land/sea breeze fronts.
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4.4.1.2 gurface Wind

Surface winds over the East China Sea gradually diminish as
the Siberian high begins to weaken. Wind speeds average about 18 kt
during May (Figure 2-23, page 2-45). Southeasterly directions
predominate north of 280N during May, wlith northeasterly prevaliling
south of that latitude, apparently a result of inflow along the
trough of the Polar Front. By June, the prevailing winds are

southerly over the entire sea.

4.4.1.3 Upper Level Winds
Figures 2-24 through 2-29 (pages 2-46 to 2-48) depict upper

level flow patterns for the month of May. The maximum winds at the
specified pressure surfaces over the East China Sea are about 75-80
kt, observed at the 200 mb level in the extreme northern part of the
sea as the jet stream shifts north of the Tibetan Plateau and moves

northward for the summer.

4.4.1.4 Visibility

Spring visibilities over the East China Sea are generally
good. Visibilities 25 n mi are observed between 80 and 99 percent
of the time over most of the sea, except less than 86 percent along
the coast of the Chinese mainland. Figure 2-38 (page 2-49) depicts
visibility statistics for May. The other months of spring vary only
slightly from the May percentages, showing a slight deterioration as

spring progresses.

4.4.1.5 Cloud Heights/Ceilings
Figure 2-31 (page 2-58) depicts low cloud statistics focr the
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! East China Sea during May. There is little =ignificant variatlon
: between the months of spring except in the extreme northern part of
s the sea, where the frequency of low cloud ceiling <688 ft and/or
' visibility <2 n mi exceeds 20 percent during May and June. Overall

cloudiness has decreased somewhat from winter, with 1low-cloud

R A L

ce1lings (low cloud amounts 25/8) occurring between 58 and 65

percent of the time vs. 60 and 75 percent for winter.

4.4.1.6 Precipitation

Spring precipitation occurrence percentages for the East
Cchina Sea are similar to those for winter (comparing February and
May). The May frequencies are about 15 to 28 percent over the east-

central portion of the sea, decreasing to 186 percent along the
western and northern boundaries.
@ 4.4.1.7 sea state

As wind velocities decrease during spring as discussed in
section 4.4.1.2, so do the wave heights. By May (Figure 2-32, page
2-51) waves 28 ft (2.5 m) have a frequency of occurrence of 1less
than 18 percent over most of the East China Sea, and waves 25 ft
(1.5 m) are observed about 38-45 percent of the time over most of
the sea. Observations of waves 212 ft (3.5 m) during May are

Infrequent.

> 4.4.1.8 gurface Air Temperature
The warming trends of spring are evident when comparing
February temperatures (Fiqure 2-19, page 2-38) to the temperatures
of May (Figure 2-33, page 2-52). Mean temperatures increase by

about 16O°F (60C) in the southern areas to 75°F (24°C) and by about
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150F (8°C) in the northern sea to 659F (189C). The difference in
increase 1s due to the moderating effects of the Kuroshio Current on
winter temperatures in the southern areas. During May, the extreme
maximum temperature in the southern sea is near 880F (310C). The
extreme minimum temperature 1is about 54°F (1290C) in the northern

areas.

4.4.1.9 Freezing Level

The altitude of the freezing level shows dramatic changes
over the East China Sea when one compares winter values (Figure
2-21, page 2-4v) to those of spring (Figure 2-35, page 2-54). The
more significant changes are seen in the northern areas, where the
3,080 ft winter level increases to almost 12,000 ft by May. In the

southern East China Sea, the May freezing level exceeds 14,000 ft.

4.4.1.19 Alrcraft Carrier Operating Conditions

Optimum aircraft carrier operating conditions (defined as
having a 1low cloud ceiling 25,000 ft (or no low cloud ceiling),
visibility 25 n mi, and wind 11-21 kt) occur less than 28 percent of
the time over the central portion of the sea, and between 260 and 390
percent elsewhere.

Poor conditions (defined as having a low cloud ceiling <3088
ft, or visibility <1 n mi, or wind <6 kt or 234 kt) occur less than
20 percent of the time in the eastern portion of the sea but have a

frequency of occurrence of over 3¢ percent along the Chinese coast

(Figure S5-4-8).
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S-4-B. Local effects, East China Sea. 22 March 1980.
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FIGURE S-4-8. LOCAL EFFECTS, EAST CHINA SEA. 23 MAR 88
OSAN AB Visual DMSP: Di: 23/8305 GMT

Synoptic Features: A ridge of high pressure extends southeastward
from the 1044 mb Asian high just southwest of Lake Balkal to the
Tajiwan area. A weak 1912 mb low is located Just 1leeward of the
Himalayas over southwest China.

Satellite Image Features:

1. The 1ridge 1line extending seaward off China north of
Taiwan is reflected in a change of cloud patterns from cellular to
stratified.

2. The subsidence regime under the southeastern portion of
the high (Taiwan area) is reflected by the inversion capped f£flat
topped stratiform clouds.

3. Fog and 1low stratus are filling the valleys of eastern
Taiwan where the pattern of the higher terrain (dark shade) |is
clearly seen in contrast to the fog/stratus (light shades).

4. The funneling of 1low 1level flow through the Taiwan
Strait is indicated by the low level convective cloud lines.

5. The thin, closely spaced convective cloud lines over the
southeastern Yellow Sea, the clear wake with a central enhanced ®
cloud 1line downwind from Cheju-do Island, and the near classic
gravity wave (Kelvin ships wave) seen downwind from Cheju-do all
imply a shallow, inversion capped marine layer.

6. The 1light gray shades around the seaward tips of the
Liaoning and Shandong Peninsulas of the Yellow Sea indicate regions
of enhanced winds (cornering effects) and increased aerosol and
water vapor content.

Forecast Aids:

1. The cloud patterns and gray shade features seen in
imagery for the region around the southeastern sector of high
pressure cells provide evidence of low level wind directions, areas
of enhanced winds, 1low 1level inversions, and areas of reduced
visibility, low ceilings/fog, and reduced E/C ranges.

2. Near the time of this 1image a ship reported 38 kt
northerly winds 1in the Talwan Stralt while anothexr about 104 n mi
east of northern Taiwan reported 15 kt.

3. Reports near the tips of Liaoning and Shandong reported
28 and 25 kt respectively, 10 to 20 kt higher than nearby reports.
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4., The cirrus band across China indicates the jat stream
position.

5. Visiblility and E/O ranges would be significantly 1lower
east of Taiwan as compared to through the Taiwan Strait.

6. A 1low 1level inversion and probable ducting/trapping is
likely just above the cloud deck over the Yellow Sea/East China Sea
area. Near Cheju-do Island, the inversion height as implied by the
cloud pattern i¢ below the highest elevation on the island (1959 m).
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4.4.1.11 §Seasonal Oceanoqraphlc Features

Figure 2-34 (page 2-53), which depicts mean sea surface
temperatures during May, reflects the warming air temperatures
discussed in the previous section. Average increases over the sea
during the season are approximately 160F (6°C).

The early spring physical properties are similar to late
winter and near one extreme of their annual cycles; waters are the
coldest, most saline, densest, and least stratified. The increasing
cloudiness, fog, ~nd dust-storm activity of spring creates
progressively poorer conditions for determining €£ST patterns from
infrared satellite imagery. Therefore, knowledye of the typical SST
and current change during this period of ranidly changing patterns
is crucial to making accurate ASW forecasts.

During the early spring, the warmest waters are limited to
the Kuroshio core which, except for minor excursions to the
northwest as the Tsushima Current, flows eastward through the Ryukyu
Islands and south and east of Japan. The coldest water over the
shelf reglons has expanded to near the 189 m isobath. A region of
intermediate temperature water, composed of a mixture of shelf and
Kuroshio waters, 1is formed between the 188 m isobath region and the
Kuroshio core region.

Rapid transitions occur by 1late spring. S8ST rise most
rapidly in May of any period of the year. Salinities drop in the
shallow coastal regions, particularly the mouth of rivers, due to
the spring thaw runoff. The Tsushima Current volume increases and
the Yellow Sea Warm Current sets up. The cold turbid water along

the China coast contlnues to exist but over a smaller and smaller
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portion of the shelf. Stratification begins to develop as a
combined result of increased solar radiation, £fresh water sources,
and warm current transport increases. Wave and swell conditions
change significantly during the spring period in response to the
change from the winter northerly to summer socutherly prevailing wind
patterns. The slow transition from the Northeast to Southwest

Monsoon results in an extended period of slight sea conditions.

4.4.1.12 Electro-Optical Conditlons (See section 2.3)

The gradual northward migration of the Polar Front during
spring results in a major change of E/O environments over the East
China Sea. North of the Polar Front conditions similar to winter
prevail and south of the frontal =zone, summer and troplcal type
conditions will exist. Under the frontal band, the conditions will
differ from both of those found in the north and the south, and in
general will exhibit a major reduction 1in E/O ranges due to
precipitation. Elevated ducts will prevail in the northern sector
of the frontal band and to the rear of the cloud band where larga
scale subsidence prevails.

The local conditions of the East China Sea during spring
result in the following mean patterns. The E/O conditions will vary
from the earlier patterns of winter to that of summer late in the
period. The summer type pattern is generally in agreement with the
large scale patterns, 1i.e., a general increase in E/O0 ranges from
the tropics poleward as atmospheric humidity decreases. The mean
height of elevated ducting layers increase from about 1400 m in the

north to 1988 m over the southern portion.
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The following table presents statistical information on duct
heights for the regional area and season of interest:
CENTER O} AREA: 270N 125°E SEASON: SPRING

EVAPORATION DUCT HISTOGRAM IN PERCENT OCCURRENCE

Height March April May

(m) day nite both day nite both day nite both
g to 4 6 5 6 12 11 11 10 10 10
4 to 8 7 9 8 1 12 9 7 11 9
8 to 12 13 16 14 11 19 15 12 18 15
12 to 16 18 26 22 15 29 18 14 22 18
16 to 20 19 23 21 15 17 16 14 15 15
20 to 24 13 11 12 10 9 19 9 8 9
24 to 28 5 4 5 5 4 5 6 4 5
28 to 32 3 1 2 3 2 2 3 2 2
32 to 36 1l 1 1 2 1 1 2 1 2
36 to 49 1 8 1 1 1 1 1 1 1
above 448 13 4 8 18 5 11 23 8 15
Ave. Ht. 21 16 19 22 16 19 25 17 21

4.5 gSummer (mid-June to mid-September) (See section 2.2.1.7)

As shown 1in Figures 2-5 (page 2-18) and S-4-9, the Polar
Front lies across the northern one-third of the East China Sea at
the start of the summer season, but is usually well north of the
area by July. The summer monsoon becomes well established over the
sea once the front has moved north, and maritime tropical (mT) air
dominates the weather. Figure 2-36 (page 2-54) depicts a general-

ized summer synoptic pattern.
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FIGURE S~4-9. SUMMER LOCAL EFFECTS. 18 JUL 81
Scripps NOAA 6 Visual: DN: 18/2349 GMT

Synoptic Features: A period of weak surface winds during the summer
monsoon is occurring. The subtropical 1ridge of high pressure
extends westward across Kyushu, the southern island of the Japanese
chain.

satelllte Image Features:

1. The marked variations £from dark areas to brilliant
reflection within the sunglint band (right 1/3 of image) indicate
the predominance of local, small scale wind features. This implies
a lack of 1large scale forcing, a typical condition during mid
latitude summer periods.

2. The subtropical ridge line is clearly indicated by the
dark east-west stripes intruding into the north-south sunglint band
near the southern end of Kyushu.

Forecast Alds:

1. When the sunglint pattern shows widespread marked
variations with juxtaposition dark and brilliant areas, weak large
scale forcing is implied and local conditions are dominate. These
include land/sea breezes, strong dlurnal variations, and afternoon
convective activity over land areas.

2. Land/sea breeze fronts will cause 1local variations 1in
E/0 performances 1in coastal areas, nearly uniform conditions will
occur over sea areas free of scattered showers.

3. Sea surface temperature gradients are minimized during

the summer monsoon season. Afternoon effects (1 to 390C rises in
water skin temperatures) are likely under near calm conditions.
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4.5.1 Climatology

The summer season (mid-June to mid-September) begins in the
East * China Sea under two weather regimes -- the Mei-Yu/Bai-U (Plum
Rain) weather over the northern portion of the sea nrorth of the
Polar and Bai-U Fronts, and the warm summer monsoonal weather south
of the Polar Front. The northward migration of the Polar Front
allows the summer monsoon to dominate the weather over the entire
sea by mid-July. Until early September, the climate is
characterized by the relatively warm, molst alr that is transported
northward around the western periphery of the strengthened mid-
Pacific ridge.

As shown in Figure 2-5 (page 2-18), 1in early September the
Polar Front once again starts to affect the weather over the
northern East China Sea as it makes its swift southward migration in

response to a strengthening Siberian high pressure cell.

4.5.1.1 gSynoptic Patterns

Summer is a season of reduced extratropical storm activity
over the East China Sea. Figure 2-6 (page 2-23) depicts the tracks
of typical migratory extratropical c¢yclones that normally occur
throughout the year. Of the six tracks depicted, only one -- the
Yellow Sea Low (track F) -- has the potential to significantly
affect the weather over the East China Sea during the summer.

Cold frontal activity in the Far East is at a minimum during
the summer and, in general, is not a significant problem over the

East China Sea.




4.5.1.2 Surface wWind

As depicted in Figure 2-37 (page 2-58), surface winds over
the East China Sea are generally 1light 1in Auqust. The same
conditions prevail during June and July, but significant changes
occur in September. The prevailing direction durzing June through
August 1is southerly, but changes to northeast in September
reflecting the rapid southward movement of the Polar Front through
the region. September's mean wind speed over the southern sea
increases to about 15 kt. As can be seen in Figure 2-27, the mean
wind speed over most of the sea is 18 kt or 1less about 58 to 60

percent of the time during August.

4.5.1.3 Upper Level Winds

Figures 2-38 through 2-43 (pages 2-59 to 2-61) depict upper
level flow patterns for the month of August. The band of strongest
winds moves well north of the area during summer, and the flow over
the East China Sea is light as the upper 1level subtropical ridge

lies east-west over the sea.

4.5.1.4 Visibility

Surface visibility is generally good over the East China Sea
during the summer, with visibilities 25 n mi occurring 8¢ to 99
percent of the time during June, increasing to 96 to 95 percent from
July through September. Figure 2-44 (page 2-62) presents visibility

statistics for August.
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4.5.1.5 cCloud Heights/Ceilings

Of the months of June through September, June 1is the
cloudiest over the East China Sea. Low cloud ceilings are evident
between 48 and 68 percent of the time, with the higher percentages
seen in the northeast section of the sea, reflecting the location of
the Polar Front as it migrates northward. By July, however, when
the Polar Front has cleared the area, 1low cloud ceilings occur only
about 20 to 38 percent of the time over most of the sea, and about
49 percent near the Tsushima Strait. Low cloud ceiling statistics
for August (Figure 2-45, page 2-63) are the best of the season, with
only 28-38 percent frequency of occurrence evident over the entire
sea. Combined ceiling and visibility limits for the same period
show similar trends, with the higher percentages of low cloud
ceilings and reduced visibilities seen in June, and the lowest

percentages occurring in August and September.

4.5.1.6 Precipitation

Frequencies of occurrence of precipitation over the East
China Sea during the summer are at a maximum during June, varying
from 18 to over 28 percent. The higher percentages are evident in
the northern sea and coincide with the cloudiness discussed in
section 4.5.1.5. By July, precipitation frequency of occurrence has
decreased to less than 5 percent over most of the sea, the lowest of
the season. August and September occurrences are generally in the 5

to 19 pe cent range.
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4.5.1.7 Sea State

The wave heights of summer reflect the relatively 1light
surface winds discussed 1in section 4.5.1.2. August wave height
frequency of occurrence (Figure 2-46, page 2-64) is typical of the
summer months. September percentages start to show the increasing

winds related to the rapid southward migration of the Polar Front.

E 4.5.1.8 surface Alrx Temperature

Ssummcy temperatures over the East China Sea are quite warm.

In June the mean temperatures range from just over 8@OF (279C) in

the southern areas to about 780F (21°C) in the north. By August,

T T

the warmest month (Figure 2-47, page 2-65), temperatures have
increased to 86OF (270C) or above over the entire sea. September
. sees a decrease to 759F (249C) over the northern sea. In Auqust,
the extreme maximum temperature over the southern sea is about 920F
; (330C) while the extreme minimum temperature in the northern sea is

F near T79¢OF (210cC).

4.5.1.9 Freezing Level

(W

Figure 2-49 (page 2-67) deplicts the altitude of the mean
freezing level over the East China Sea during August. The 16,008 ft
A ischeight contour progresses northward during the season, from a

position south of the sea ir June to about 30°N in Auqust, I1ts

northernmost position of the year. By September, the contour has

retreated southward to near its June position.
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4.5.1.10 Alrcraft Carrjex Operating Copnditions

optimum aircraft carrier operating conditions (defined as
haviqg a low cloud ceiling 25,008 ft (or no low cloud ceiling)},
visibility 25 n mi, and wind 11-21 kt), have a frequency of
occurrence of 25-39 percent during the summer, with each of the
months approximately the same.

The occurrence of poor aircraft carrier operating coénditions
(defined as having a low cloud ceiling <308 ft, or visibility <1 n
mi, or wind <6 kt or 234 kt), is approximately equal for all of the
summer months, but July's occurrence frequency of less than 20

percent over most of the sea is a slight improvement on the 28 to 30

percent values of the other months.

4.5.1.11 Seasonal QOceanographic Features

The sea surface temperature of the East China Sea is at its
yearly maximum during August (Figure 2-48, page 2-66). Only near
the extreme northern boundary are values below 88OF (27°C) and
values above 840F (290C) occur in the southeastern section. By
September, the temperatures begin to decrease, reducing to about
740F (23°C) in the northern waters and 830F (280C) in the southern
areas.

Solar heating, fresh water =runoff, and the prevailing
southerly winds result in markedly modified physical properties in
the ECS from the winter and early spring patterns. Stratification
continues to intensify throughout summer resulting in stronger and
stronger thermocline structures. The vertical thermal gradients

reach maximum strengths in late summer. Changes in this vertical
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structure are most pronounced in the shelf and intermediate water.
Because the Kuroshlo Current retalns 1its baslc structure and
position throughout the year there are smaller season to season
variations of all ocean physical properties in the vicinity of the
Kuroshio or any other major current.

A second peak in river discharge, resulting from the summer
monsoon (Mei-Yu/Bai-U front) rains further increases the supply of
low saline surface water in coastal regions. The Kuroshio,
Tsushima, and Yellow Sea warm currents advect relatively saline
tropical waters into the eastern portion 0f the ECS. A northward
flowing warm coastal current is set up along the China c¢oast, in
response to the southerly winds. Wave and swell conditions increase
in height from spring conditions 1in response to the prevailing
southerly flow, but are relatively 1low in comparison to winter

conditions.

4.5.1.12 Electro-oOptical Conditions (See section 2.3)

The Southwest Monsoon dominates the entire ECS during
summer. Tropical conditions , hot and humid, 1result in reduced E/O
ranges. The local variations due to precipitation will be genera.ly
disorganized. The strong horizontal gradients of SST along ocean
fronts that create large local changes during winter and spring are
totally masked by the heating of surface waters. Night and early
morning land breeze fronts will result in diurnal variations of E/O
ranges 1in coastal areas. The occurrence of elevated ducts is at an

annual minimum in summer occurring about 20-30% of the time.
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Heights are also at a minimum, around 1009 m, and the ducts are
typically related to night time cooling over 1land and therefore

largely coastal in nature.

The following table presents statistical information on duct

heights for the regional area and season of interest:

CENTER OF AREA: 27ON 125°0E SEASON: SUMMER

EVAPORATION DUCT HISTOGRAM IN PERCENT OCCURRENCE

Height June July August
(m) day nlte both day nite both day nite both
P to 4 19 9 9 6 5 S 5 4 4
4 to 8 7 11 9 4 8 6 4 7 6
8 to 12 11 29 15 7 13 10 8 13 19
12 to 16 14 21 17 11 20 16 12 22 17
16 to 20 13 17 15 14 22 18 15 23 19
20 to 24 8 8 8 10 11 10 12 12 12
24 to 28 S 4 4 7 5 6 8 6 7
28 to 32 4 1 2 4 3 3 5 2 3
32 to 36 2 1 2 3 2 2 3 1 2
36 to 40 2 1 1 2 1 1 2 1 1
above 49 25 8 17 32 10 21 21 8 17
Ave. Ht. 26 17 22 31 29 25 29 19 24

4.6 Autumn (mid-September to mid-December) (See section 2.2.1.8)

The transition from summer to autumn occurs quickly in the
East China Sea as the Polar Front makes its rapid transit southward
(Figures 2-5, page 2-18 and S-4-19). The front moves south of the
sea by early October, as the Northeast Monsoon establishes itself in
response to a strengthening Siberian high pressure cell. Figure 2-

58 (page 2-69) depicts a generalized autumn synoptic pattern.
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FIGURE S-4-10¢. AUTUMN REGIONAL VIEW. 21 OCT 79
OSAN AB Visual DMSP: DN: 21/8215 GMT

ic Fe ¢ A 1032 mb high center 458 n mi west of the Yellow
Sea, * combined with a 992 mb low over the northern Sea of Japan with
a trailing weak frontal band over Japan and southwestward to Taiwan,

are resulting in northerly flow over the Sea of Japan, Yellow Sea
and East China Sea.

Satellite Image Features:

1. The cloud patterns over the inland seas 1imply a
relatively weak cold air outbreak, compared to winter conditions.
Only a few areas of cloud lines have formed and then only after
quite a long cloud free path.

2. Lighter gray shades extending out from various regions
of the USSR coast into the Sea of Japan indicate areas of relatively
strong offshore flow and Iincreased atmospheric aerosol content.
Note how these lighter gray shade areas generally evolve into the
cloud line conditions.

3. The closely spaced wave clouds off southern Korea are
evidence of relatively light winds through the cloud layer.

4. Areas of fresh snow fall can be seen over northern Korea
and the USSR.

5. The worst weather conditions are occurring along the

western slopes of central and northern Japan where overcast terrain
related cloudiness is seen.

Forecast Aids:

1. The strength of the £flow behind cold fronts can be
estimated based on the 1length of the cloud free path of offshore
flow and the type of cloud pattern that forms (cloud 1lines imply

winds greater than 20 kt, parallel bands and cellular imply 19-20
kt).

2. The spacing between wave clouds relates to mean wind

speed through the cloud layer, the fewer waves per unit distance the
stronger the wind.

3. Areas of reduced visibility and degraded E/Q ranges are
indicated in cloud free offshore flow areas by lighter gray shades
which indicate increased aerosol content.

4. Prilor to river freeze up, the detection of areas of
fresh snow is aided by the path of the rivers which show up as dark
meandering 1lines. In mountainous areas snowfall has a dendritic
pattern (branching pattern) related to alternating ridgelines (snow
covered) and valleys (snow freej.
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4.6.1 Climatology

The autumn season (mid-September to mid-December) brings
significant changes to the weather of the Far East. The rapid
southward movement of the Polar Front in the £first month of the
season is in contrast to its slow and sometimes erratic northward
migration in the spring (Figure 2-5, page 2-18). Because of the
rapid movement, prolonged periods of frontal precipitation are
unusual. Except for periods of precipitation associated with
tropical cyclones, the months of autumn are the driest of the year.

The northeast flow of the winter monsoon is established over
the East China Sea in October, with the Polar Front pushed southward
to a position between Talwan and the Philippine Islands. As autumn
progresses, the Siberian high becomes the dominant weather feature
over eastern Asia and adjacent waters. Small high pressure cells
break off from the main cell as wupper tropospheric disturbances

transit the region and cause cold outbreaks over the East China Sea.

4.6.1.1 Synoptic Pattexns

Figure 2-6 (page 2-23) depicts the tracks of migratcry
extratropical cyclones that normally occur throughout the year. Gf
the six tracks depicted, two can be expected to affect the weather
over the East China Sea during the autumn season: the Yellow Sea Low

(track E), and the Taiwan Low (track F).
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Cold frontal activity in the Far East starts to increase
during autumn after being at a minimum during the summer. Once the
Polar Front has moved south of the East China Sea in October,

frontal activity of the Western and Eastern types may occur.

4.6.1.2 Surface Wind

Autumn is windy over the East China Sea with the wintex
moinsoon becoming well established as the season progresses. By
November (Figure 2-51, page 2-71) the mean wind speed has increased
to about 24 kt over the central portion of the sea, and gale (234

kt) frequency of occurrence reaches 18 percent in the Taiwan Strait.

4.6.1.3 Upper Level Winds

Figures 2-52 through 2-57 (pages 2-72 to 2-74) depict the
upper level flow patterns for November. The subtropical ridge that
dominated the upper levels of the atmosphere 1in August has moved
southward. At the same time, the core of the jet stream again
splits around the Himalaya Mountains and strong westerlies again
prevail over the East China Sea. Winds at the specified pressure
surfaces are strongest at 200 mb, where 125 kt are seen over the

northern part of the East China Sea.

4.6.1.4 Visibility

Visibility over the East China Sea during autumn is
generally good. Visibility conditions of 25 n mi are seen over the

entire sea 90 percent of the time in September and October, and over
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the northern half of the sea in November (Figure 2-58, page 2-175).
Reduced limits of <2 n mi are seen less than 5 percent of the time
over the entire East China Sea in September and October. The same
holds true for November except for the small area near Taiwan as
shown 1in Fligure 2-58. December's statistics approximate those of

November.

4.6.1.5 Cloud Heights/Ceilings

As shown in Figure 2-59 (page 2-76), low cloud ceilings (low
cloud amount 25/8) exist 58 to 60 percent of the time over the East
China Sea during November, except for the northern third of the sea
where the percentage is less than 50 percent and a small area in the
southern sea where the percentage exceeds 68 percent. The November
percentages are higher than the 38 to 40 percent of September, but
less than the 68 to 7@ percent of December, as cloudiness increases
with the progression of the autumn season. The occurrence frequency
of low cloud ceiling <6808 ft and/or visibility <2 n mi remain nearly

constant at about 5 percent during the entire season.

4.6.1.6 Precjipitation

The frequency of occurrence of observations reporting
precipitation over the East China Sea does not change appreciably
early in the autumn season, with the months of September and October
each having a precipitation frequency of between 5 and 10 percent.
By November the percentages increase to 5 to 28 percent, with the
higher amounts seen in the southern half of the sea. December's

percentages are similar to November's.
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4.6.1.7 Sea state

The increased surface winds of autumn discussed in section

4,6.1.2 are ref ected in 1increased wave heights. By November

(Figure 2-68, page 2-77) frequency of wave heights of 212 ft (3.5 m)

has reached 2P percent in the Taiwan Strait (lidentified in Flgure

2-3, page 2-7), and 18 percent over the central portion of 'the East

China Sea. Other wave heights show similar trends.

4.6.1.8 gsurface Alr Temperature

Figure 2-61 (page 2-78) depicts the mean surface air

temperature over the East China Sea during November. Temperatures

have decreased markedly since Augqust (Figure 2-47, page 2-65), but

remain near 730F (23°0C) over the southern sea and about 59°F (15°C)

In the north. During November the extreme maximum temperature over

the southern sea is near 830F (28°C), while the extreme minimum

temperature over the northern East China Sea is about 480F (49°C).

4.6.1.9 Freezing Level

By November, freezing levels over the East China Sea have

lowered appreciably. As shown 1in Figqure 2-63 (page 2-86), the
freezing 1level over the northern sea is about 8,808 ft and about

13,809 £t in the southern areas.
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4.6.1.19 Aircraft Carrier Operating Conditions

During November, optimum aircraft carrier operating
conditions (defined as having a low cloud ceiling 25,0088 £t (or no
low cloud ceiling), visibility 25 n mi, and wind 11-21 kt), occur
between 28 and 30 percent of the time over most of the sea, except
less than 20 percent in the extreme southern area of the sea.

Poor conditions (defined as having a low cloud ceiling <398
ft, or wvisibility <1 n mi, or wind <6 kt ox 234 kt), have a
frequency of occurrence of 108 percent or less over the central area

of the sea, increasing to 18 to 20 percent elsewhere.

4.6.1.11 3Seasopal Oceanographlic Features

Figure 2-62 (page 2-79) depicts the mean sea surface
temperature of the East China Sea during November. The temperatures
have decreased some 160F (99C, in the northern areas and about B8OF
(4°C) in the south since August.

Physical properties of the ECS in autumn most closely
resemble those o0f summer. However, from early September on the
periodic passage of Polar Fronts and the onset of the winter
northerly monsoon winds start to remove heat from the ocean, produce
opposing cold surface currents to the summer predominate warm
northward flowing currents, and reverse the mean wave and swell
directions. Destratification of the water column due to convective
and wind generated mechanlical mixing progressively advances from
shallow coastal regions in the north to deeper and more southerly
locations. Cold low saline coastal waters from the eastern Yellow

Sea flows south and eastward through the Korea Strait and converges
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with the Tsushima Current. This forms a strong temperature,
salinity, and density boundary known as the South Korean Coastal
front. This front closely parallels the 109 m isobath from west of
Cheju-do to Tsushima Island. The onset of the winter monsoon is
much faster than the spring transition, therefore the change from
summer-like to winter-like conditions occurs rapidly. The ocean
response of course is typically slowér and lags the atmospheric
changes. Note that by mid and 1late autumn wind speeds and wave
heights have increase throughout the ECS with the most pronounced
changes occvrring in the southern portions. The change from summer

to winter in the Talwan Strait reglion Is particularly significant.
4.6.1,12 Electro-Optical Condjitions (See section 2.3)

The major large scale forcing will change rapidly over the
Sea during the autumn period. The southward passage of the Polar
Front and return of the Northeast Monsoon will develop within a span
of a couple of weeks. The result is a major change in all weather
conditions including E/O conditions.

The local forcing will likewise change from summer patterns
to winter patterns within a few weeks period. 1In general the lee
side windward side patterns will reverse as well as the changes in
air mass and alr sea temperatures differences. Forecasters should
be aware of these reversal and change patterns when returning to the

area following a short absence during which the transition occurred.
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The following table presents statistical informati

heights for the regional area and season of interest:

CENTER OF AREA: 270N 12590E SEASON: AUTUMN

EVAPORATION DUCT HISTOGRAM IN PERCENT OCCURRENCE

Height September October Novemberx
{m) day nite both day nite both day nite
g to 4 3 3 3 4 3 3 3 2
4 to 8 4 7 5 3 5 4 3 4
8 to 12 ) 11 9 7 19 8 6 7
12 to 16 12 21 17 11 18 14 11 14
16 to 20 13 22 18 14 19 16 17 22
29 to 24 11 15 13 13 18 15 21 24
24 to 28 9 7 8 13 14 13 16 16
28 to 32 5 3 4 7 6 7 9 6
32 to 36 3 1 2 5 3 4 4 2
36 to 40 2 1 2 3 1 2 2 1
above 49 39 8 19 21 6 13 19 3
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5.8 YELLOW SEA

5.1 Regional Features and Their Influence on Weather Phenomena

The Yellow Sea is bounded on three sides by the coastllnes

of the Chinese Peoples' Republic, North Korea, and South Korea. Its

southeastern limit borders the East China Sea, with which it shares

a common boundary of some 240 n mi between the Yangtze (Changjiang)

River delta and the Korean island of Cheju-do (Figure 5-1 and s-5-1,

page 5-3). Less than half as large as the adjacent East China Sea,

the Yellow Sea has an areal extent of about 113,568 sq mi and a

relatively shallow average depth of only 121 ft (37 m) (Newspaper

Enterprise Association Inc., 1978).

The geoqgraphic configuration of the Yellow Sea dlvides
roughly into three parts:

it

the Gulf of Pohal to the west, the central

part of the sea of which Korea Bay comprises a major portion, and
the largest segment located west and socuthwest of South Korea.
The topography of the landmass bordering the Yellow Sea is

generally low and unremarkable, with elevations of 3,628 ft (923 m)

on the shandong Peninsula, 4,167 £t (1,270 m) about 88 n mi 1inland

west of the Gulf of Pohai, and 3,711 7t (1,131 m) on the Liaodong

Peninsula. The Korean Peninsula is mountainous by comparison,

most of the

but

mountains are on the east side, away from the Yellow

Sea. One peak of 6,283 ft (1,915 m) is located near the southern

end of the peninsula about 68 n mi from the Yellow Sea.

The i1sland of CheJu-do, on the border between the Yellow Sea

and East China Sea, 1is essentially one large mountain, with a

maxizmum elevation of 6,398 £t (1,950 m).
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Figure 5-1. Major topographic features surrounding the Yellow Sea {adapted from Nestor, 1977).
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FIGURE 5-5-1. AUTUMN REGIONAL VIEW. 21 OCT 79
OSAN AB Visual DMSP: DN: 21/86215 GMT

Synoptic Features: A 1632 mb high center 456 n mi west of the Yellow
Sea, combined with a 992 mb low over the northern Sea of Japan with
a trailing weak frontal band over Japan and southwestward to Taiwan,
are resulting in northerly f£low over the Sea of Japan, Yellow Sea
and East China Sea.

Satelllte Image Features:

1. The cloud patterns over the inland seas imply a
relatively weak cold air outbreak, compared to winter conditionms.
Only a few areas of cloud lines have formed and then only after
quite a long cloud free path.

2. Lighter gray shades extending out from various regions
of the USSR coast into the Sea of Japan indicate areas of relatively
strong offshore flow and increased atmospheric aerosol content.
Note how these 1lighter gray shade areas generally evolve into the
cloud line conditions.

3. The closely spaced wave clouds off southern Korea are
evidence of light winds through the cloud layer.

4. Areas of fresh snow fall can be seen over norther: Korea
and the USSR.

5. The worst weather conditlions are occurring along the
western slopes of central and northern Japan where overcast terraln
related cloudiness is seen.

Forecast Aids:

1. The strength of the flow behind cold fronts can be
estimated based on the length of the cloud free path of offshore
flow and the type of cloud pattern that forms (cloud lines imply
winds greater than 20 kt, parallel bands and cellular imply 16-2¢0
kt).

2. The spacing between wave clouds relates to mean wind
speed through the cloud layer, the fewer waves per unit distance the
stronger the wind.

3. Areas of reduced visibility and degraded E/O ranges are
indicated in cloud free offshore flow areas by lighter gray shades
which indicate increased aerosol content.

4. Prior to river freeze up, the detection of areas of
fresh snow is aided by the path of the rivers which show up as dark
meandering 1lines. In mountainous areas snowfall has a dendritlc
pattern (branching pattern) related to alternating ridgelines (snow
covered) and valleys (snow free).
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Because of the 1low elevations, the topography of the
adjacent land areas exerts a rather small influence on the weather
of the Yellow Sea. But the sea itself exerts a significant
influence on passing weather systems, especially during winter,
spring, and autumn when outbreaks of cold, arctic alr are common.
The relatively warm water surfacc ylelds moisture to the drier, cold
air moving offshore from the Asian mainland, resulting in extensive
instability, cumulus clouds, and shower activity over the windward
areas of the sea.

River drainage into the Yellow Sea is considerable.
Although it affects the climate ~»f the region very little, it
contributes significantly to the composition of the sea floor.

Section 2.1.3.1 discusses the subject more fully.
5.2 Yellow Sea Oceanographic Features

The Yellow Sea (YS) is a shallow marine embayment which is
encircled by the mainland of northern China and peninsula of Korea.
Two major peninsulas extend into the Sea: The Liandong (Shan-Tung)
from the northeast coastline and the Shandong from the southwestern
side. The 1inner portion of the Sea, northwest of the extension of
the two peninsulas, is called the Gulf of Pohai (Pwok Hai). The
remainder of the Sea is referred to as the Yellow Sea proper.

The circulation of the YS, 1like that of the East China Sea
(ECS), 1is strongly influenced by the regional atmospheric forcing
and the bathymetry. Unlike the ECS, the major ocean currents play

only a limited indirect role in the circulation.
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The atmospheric monsoon regime that prevails over the Y¥S
provides cyclic seasonal changes that dominate the reglonal
oceanographic processes. Atmospheric forcing occurs in two modes:
in winter by cooling and destratification due to strong cold and dry
northerly winds, and 1in summer by extensive precipitation, river
runoff, and solar heating, which produces a well-stratified water
column with a warm, low-salinily surface 1layer (Huh, 1982).
Understanding the variations in seasonal atmospheric forcing and
sources of water are critical to understanding the seasonal
variability in oceanographic conditions throughout the YS. Seasonal
conditions are further agltated by strong winter cold outbreaks and
occasionally by summer typhoons.

The surface temperatures and salinity values of the ¥YS show
marked seasonal variations. The temperature 1is controlled by
radiational gains and losses of summer and winter, with the winter
losses being accentuated by the persistent flow of cold air off the
land mass. The surface salinity in the Gulf of Pohal and YS proper
is markedly reduced by runoff from the Yellow River. The
northeastward advection of runoff water from the Yangtze River
sometimes reaches the southern boundary regions of the ¥YS. Surface
salinity values in the outflow areas is reduced to near 209/ge
during the spring and eaxrly summer heavy runoff. The combined
influence of the monsoon winds, especially the winter northerly
flow, the fresh water from river runoffs, and the intrusion of an
extension of the Tsushima Current (Warm Yellow Sea Current) result
in several special regional features that could affect naval

operations. They include:
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(1) The low salinity river runoff water which forms a

surface lens over oceanic water,

(2) upwelling off peninsulas,

(3) the cold water mass of the Yellow Sea,

(4) current and SST responses to strong northerly wind, and

(5) large tidal ranges.

River Inflow: The major source of fresh water (low salinity)
for the YS is the Yellow River which flows into the southwest region
of the Pohai. Other sources of fresh water include: the Luanhe and
Liaohe Rivers entering the western and northern Pohai and the Yalu,
Han, and lesser rivers of western Korea. This results in a general
reductlion of surface salinity to 31-339/ge throughout the entire ¥S.
Within Pohai near the mouth of the Yellow River, salinity approaches
20°/0e. During July the combined results of heavy local rain plus
river runoff typically results in reductlions of surface sallnity to
around 20%/ge, even over the extreme southern portions of the ¥YS,
around 33°N, and 123 to 1259E.

Upwelling off Peninsulas: Upwelling induced by tidal current
past a peninsula has been found in many places throughout the world.
Two such regions are found in the ¥YS during the summer. One off the
eastern tip of the Shandong Peninsula and a second off the southern
tip of the Liaodong Peninsula. Water temperatures off the tips of
these two peninsulas are found to be 3-50C 1lower than surrounding
areas during May through August. Off the Shandong Peninsula the
cold water extends seaward 30-50 km, while off the Liaodong
Peninsula it is limited to about 28 km. Cold water is favorable to

sea fog formation and both of these areas have relatively high

frequencies of local fog.




Yellow Sea Cold Water Mass: During the winter the surface

water of the YS undergoes extreme cooling and sinks to the bottom.
When summer incoming radiation warms the upper layers to the 24-280C
range the bottom water near depths of 58 m remains around 59C. This
results in the region being characterized by the greatest vertical
temperature gradient and the most intense thermocline of any of the
seas covered in this hgndbook. The temperature difference between
18 and 25 m reaches values of 7 to 119C. This cold summer deep
water mass is most pronounced in the northern and central portions
of the YS proper.

Current and SST Responses to Strong Noxrtherxly Winds: With
the return of the Northeast Monsoon periodic outbreaks of polar
continental air flow over the ¥YS. The convective forcing of the
cooled surface water plus mechanical mixing due to wind begins to
breakup the surface layer and destratifies the water column. The
shallow waters of the northern and eastern YS cool mwmost rapidly,
while the reglon south of the Shandong Peninsula has been observed
to remain relatively warm. Southerly flowing cold coastal currents
are established on both sides of the ¥YS. The flow along the west
coast of Korea is discharged southward and eastward through the
Tsushima/Korea Strait into the Sea of Japan (Figure S-5-2, page 5-
9). Along the convergence with the Tsushima Current, a strong
temperature, salinity, and density boundary (South Korean Coastal
Front) is formed. This feature disappears in winter, probably due
to sinking of the cold coastal water and overrunning by the warm
Tsushima Current water. During winter the area c¢f warmest water |is

found as a northward extension of the Tsushima Current in the east-
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FIGURE S-5-2. SST PATTERNS, YELLOW AND EAST CHINA SEAS. 19 MAR 849
Simultaneous Visual (S5-5-2) and Infrared Images (S-5-3)
OSAN AB Infrared DMSP: TN: 19/0242 GMT

Synoptic__Features: The 1large scale oceanic features include the
Tsushima Current which flows northward from the Kuroshio Split (near
30ON, 1360E) to the vicinity of Cheju-do Island where it 1in turn
splits. The 1left branch continues northward into the central basin
area of the Yellow Sea and the right branch flows northeastward into

the southern Sea of Japan.

Satellite Image Features:

1. The warm Tsushima and Yellow Sea Currents are evident as
darker gray tones in the cloud free areas (see simultaneous visual
image Figure S-5-3). Note: The 1labels are actually on cloud
features.

2. The 1lighter gray shades seen in the shallow bays along
southern Japan and over the coastal shallows and shelf areas of the
Yellow and East China Seas indicate relatively cold surface waters.

3. The cold fresh (low salinity) outflow from the Yangtze
River f£lows over the denser more saline sea water and 1is seen as
lighter gray ribbons near the river mouth. Note that there are some
low stratus/fog just to the southeast of the river mouth.

4. 7o0ld coastal water along western Korea. Relatively warm
water (darker gray) 1s seen between Cheju-do Island and the southern
coast of Korea.

Forecast Aids:

1. The areal distribution of warm and cold surface water is
evident 1in a properly enhanced infrared image., The major current
patterns and areas of warm or cold water are relatively persistent
and once defined will provide useful information for several days.

2. The cold coastal waters flowing south and east arounli
southwestern Korea sink under the warm Tsushima Current warms during
winter. During spring and autumn the cold surface boundary will
extend southward to a line between Cheju-do and Tsushima Islands.

3. Cold but 1low salinity waters from the rivers feeding
into the Yellow and East China Seas will flow over the ocean coastal
waters.

5-10
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central YS. By late winter early spring, the warm water intrusion
is at a minimum, and the coldest coastal waters extend seaward to
near the 198 m isobath. Waters are coldest, most saline, densest,
and 1least stratified of the annual cycle. The surface water
temperatures rise most rapldly 1In May. Salinities drop 1iIn the
shallows as they receive runoff from spring thaw in the highlands.
Cold YS deep water moves southward in£o the deepest part of the YS
proper. Stratification begins to develop from combined effects of
solar warming, fresh water runoff, and rerewed influx of Kuroshio
water via the Tsushima and Yellow Sea wi rm currents. During summer
stratification reaches a maximum. Strong thermoclines are
established, particularly in the YS and south coast region off

Korea.

Tidal Ranges: The tidal range along the west coast of Korea
are some of the largest in the world. The difference between high
and low tide at Inchon averxages 19 ft :5 m) and reaches extremes of
33 ft (19 m). The tidal range along the entire west coast of Korea
varies from 12-24 £t (4-8 m), while along the coast of China it
ranges from 3-9 ft (1-3 m). The 1inner most part of Pohail
experiences tidal ranges over 9 ft (3 m). Most of the tidal
currents average 2-3 kt, but speeds to 9-18 kt occur near the
southwest tip of Korea.

Bathymetry: The Yellow Sea proper and Pohai form a partly
enclosed, wide, flat, and shallow marine embayment. The entire sea
bottom 1is part of the continental shelf. Table 5-1 provides

information on the portions of the sea covered by various water

depths.
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Table %-1. Water Depths of the Yellow Sea (after Falrbridge,

1966)
et ittt e bttt Fom e e +
| | Yellow Sea Proper | Pohai |
e L P P T P L ) ]
! Depth (m) | Area (km*) ! Area (km?) I
T e s et ettt +
i g-2¢ ! 93,688 ! 42,909 |
! 20-40 ! 191,900 | 36,700 I
! 40-60 l- 78,200 ! 2,100 |
| 60-80 | 99,500 I 1,000 |
! >80 | 39,800 | -~ |
T E R P o o e +
| Total | 464,510 | 82,700 |
Tt i Tt F R T P P F P RN P P L
| Mean depth, m | 44 | 21 I
o S ettt L P e +
] Maximum depth, m | 1083 | 72 |
pmm e R oo +

The central portion of the YS is comprised of an elongated
north-south oval-shaped basin with depths of 60-86 m. The sides
slope gently up to the coasts of Korea and China. There are
numerous sand ridges and channels running perpendicular to the coast
lines. Strong tidal currents flow over this coastal feature
resulting in a sandy bottom due to sorting by ¢tb: currents. The
bottom of the central basin, as well as the China side of Pohai, is
composed of muddy siit. The Great Yangtze Sand Bank 1lies in the
southern portion of the sea near the boundary with the East China
Sea (Figure S-5-3). 1In general sandy bottoms are found where tidal

currents are strong and/or bottom slopes are large.
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FIGURE S-5-3. OCEAN FEATURES, YELLOW SEA AND EAST CHINA SEA.

19 MAR 84

Simultaneous Visual (S-5-3) and Infrared Images (S5-5-2, page 5-9)
OSAN AB Visual DMSP: TN: 19/9242 GMT

: A migratory high cell 1is resulting in clear sky
conditions over the southern Yellow Sea and northern East China Sea,
providing an opportunity for viewing oceanic features of the area.

atelli I ea S

1. The major gray shade pattern seen off the coast of China
is caused by bathymetry features. Note that the pattern does not
correspond with the 4gray shades seen in the infrared image. This
d-"ta fan like pattern is related to the sediment deposits from the
Yangtze Rlver outflow. The pattern appears to emanate from a point
about 66 n mi north of the current river mouth location (Huh, 1983).

2. The cloud pattern north of the Yellow Sea is associated
with a developing 1816 wb low. Comparing the visual and infrared
images aids in identifying the various types/levels of clouds.

3. The cirrus pattern has been defined as a baroclinic leaf
and has been shown to proceed low level cyclogenesis.

Forecast Aids:
1. There are several causes of gray shades in visual
imagery: sunglint area surface roughness, atmospheric aerosol

content, and bathymetry features. The majority of the gray shade
variations seen in this image are likely related to the light wind
situation in the ridgeline that extends from the coast of China,
across Korea, to northern Japan. One obvious exception is the
bathymetry feature of the Yangtze River, other possible exceptions
are the 1light gray shape cap around the tip of Shandong Peninsula
and the dark strip extending southwestward from Goto Island, east of
Cheju-do Island. The dark strip downwind from Goto s probably due
to barrier effect drying. These subtle gray shade patterns can
provide significant 1Insight to atmospheric conditlons. But a
thorough understanding of the complexities of satellite imagery is
necessary for proper interpretation. See the NEPRF NTAG series by
Fett.

2. The migratory high and developing low in combination is
an example of the bubble high forecast rule provided elsewhere.
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5.3 Winkter (December to mid-March) (53ee section 2.2.1.5.;

The Yellow Sea experiences the four more-or-iess normal
seasons one would expect in the middle latitudes, except that the
autumn season is shortened as the region feels the early effects of
the strengthening Siberian high pressure cell. Because of the
abbreviated autumn season, the winter season commences by late
November (FWF, Yokosuka, 1565). Refer to Figure 2-8 (page 2-29}

which depicts 3 generalized winter synoptic pattezn.

5.3.1 Climatology

During the winter months of December to mid-March, a
continental polar (cP) air mass dominates the weather over the
Yellow Sea. Mid-tropospheric disturbances transiting the area cause
position and intensity changes in the Siberian high, resulting in
periodic surges of cold, dry air throughout the region. Although
surface temperatures at the source region generally range from 150F
(-90C) to -480F (-40°0C), the trajectory of the air as it leaves
Siberia and Mongolia 1is primarily downslope, causing adiabatic
warming of as much as 250F (140C) over land. The cold surges are

preceded through the Yellow Sea by strong cold fronts.

5.3.1.1 Synoptic Patterns

Fiqure 2-6 (page 2-23) depicts the tracks of migratory

extratropical cyclones that normally occur throughout the year. Of



the six tracks depicted, only the South Mongolia Low (track C)
typically affects the weather over the Yellow Sea during winter.
Although more commonly occurring during other seasons, two other
migratory extratropical cyclones may also affect the Yellow Sea area
during winter -- the Shanghal Low (track D), and Yellow Sea Low
(track E).

Cold frontal activity in the Far East starts to increase
during autumn and continues throughout winter. According to FWF,
Yokosuka, (1965), the first series of noticeable cold waves occur
with "great reqularity" between late October and early November; the
second, more severe, in early December; and a third, very severe
ccld outbreak in late January or early February. Frontal velocity
varies greatly due to the influence of topography but, on the whole,
averages about 25 kt. Downslope velocities can reach 45 to 60 kt in

winter.

5.3.1.2 Surface Wind

Winter surface winds over the Yellow Sea are predominantly
northerly, with a mean speed of about 15 kt. Little wvariation
between the individual months of winter is noted. Figure 2-9 (page

2-31) depicts surface wind statistics during February.

5.3.1.3 Upper Level Winds

The jet stream is at its strongest during winter and, 1like
southern Japan (see section 3.3.1.3), the southern Yellow Sea
experiences some 0of the strongest and most persistent 3jet stream -

speeds in the world, with velocities commonly reaching 209 kt.
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Figures 2-18 through 2-15 (pages 2-32 to 2-34) depict upper level
flow patterns for February. The strongest winds (at the specified
pressure surfaces) are found over the extreme southern portion of

the sea at 208 mb, with a mean speed of about 130 kt.
5.3.1.4 viaibility

During winter visibility is relatively good over the Yellow
Sea. As shown in Figure 2-16 (page 2-35), visibility 25 n mi occurs
over 98 percent of the time over most of the eastern and western
sea, and 86-90 percent over the remainder of the sea. The
visibility limit of <2 n mi has a frequency of occurrence of less
than 5 percent over most of the sea except for a small area adjacent

to the Yar ytze (Changjiang) River delta where it 1is 5 percent.
5.3.1.5 Cloud Hejghts/Ceilings

Frequencies of occurrence of 1low cloud ceilings (cloud
amount 25/8) gradually diminish during winter from a range of 390-60
percent (lowest percentages in the northwest, highest 1in the
southeast) in December to 18-58 percent (lowest percentages in the
northwest, highest in the southeast) in March. Similar trends are
seen in frequencies of occurrence of 1low <cloud ceiling <608 ft
and/or visibility <2 n mi with less than 5 percent frequency seen in
December, increasing to 5-28 percent in March, with the 28
percentile isoline encircling the mouth of the Yangtze (Changjiang)

River. Fiqure 2-17 (page 2-36) depicts combined low cloud ceiling

and visibility statistics for February.
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5.3.1.6 Precipitaticn

January has a slightly higher frequency of occurrence of
precipitation over the Yellow Sea than do the other months of
winter, with a range of about 5-15 percent. The highest percentages
occur over the central sea west of Korea. About 90 percent of the
precipitation in the northern areas falls as snow, while about 5-14
percent of the precipitation over the southern sea near the Yangtze
(Changjiang) River delta 1is snow. By March, the precipitation
frequency decreases to 5-10 percent, with about half occurring as

snow in the northern sea, and less than 10 percent in the south.

5.3.1.7 gea State

Figure 2-18 (page 2-37) depicts wave height statistics for
the month of February. Wave heights are generally low, heights 25
ft (1.5 m) occurring between 25 and 55 percent of the time, with the
higher percentages seen in the southeast portion of the sea.

Occurrence percentages for waves 28 £t (2.5 m) are less than 20

percent over the entire sea. All months of winter are approximately

the same.

5.3.1.8 Surface Air Temperature

Fiqure 2-19 (page 2-38), which depicts mean surface air

temperatures during the month of February, zreflects the cold

temperatures of winter in easterxn Asia. While January's

temperatures are slightly colder in the extreme northern sea, the
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overall temperature distribution is approximately the same for both
months. Slight warming is seen in Marxch.

During February, the extreme maximum temperature for the
southern part of the sea is about 61°F (16°0C) while the extreme

minimum temperature for the northern sea is about 180F (-12°C).

5.3.1.9 Freezing Level
As shown 1in Figure 2-21 (page 2-486), the freezing level

during February varies from the surface in the northern Yellow Sea

along about 380N, to near 4,000 ft in the southern sea.

5.3.1.10 Ajrcraft Carrier Opexating Conditions

Optimum aircraft carrier operating conditions, defined as
having a low cloud ceiling 25,088 ft (or no low cloud celllng),
visibility 25 n mi, and wind 11-21 kt, occur 15 to 35 percent of the
time over the Yellow Sea during February, with the higher
percentages occurring along the Korean coast.

Poor <conditions, defined as having low cloud ceiling <388
ft, or visibility <1 n mi, or wind <6 kt or 234 kt, occur between 15
and 25 percent of the time, with the greatest inclidence seen in the

Gulf of Pohai.

5.3.1.11 Seasonal Oceanographic Features

February is the month of coldest sez surface temperatures in
the Yellow Sea (Figure 2-20, page 2-39%), with water colder than 320F
(B0C) recorded 1in the Gulf of Pohai. Temperatures in the southern
areas are in the 459F to 480F (7°C to 99C) range.

'ea ice is observed as far south as about 360N along the

Korean crast and south of the Shandong Pei.insula, buc the major
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concentration (8.1 to 0.4 ice coverage) is limited to the western
and northern Gulf of Pohal and eastern Korea Bay (Figure S5-5-4).
Average ice limits for February are shown in Flgure 2-20.

The strong c¢old and dry northerly flow of the winter
Northeast Monsoon produces an oceanic temperature distribution that
is vertically homogeneous, but with strong horizontal gradients.
The shallow water areas c¢f the northern and eastern ¥S cool most
rapidly. The region soufh of the Shandong Peninsula has been
observed to remain relatively warm through late autumn/early winter.
Cold southerly-flowing coastal currents are established along both
sides of the YS. By mid-winter the warmest surface water Iis
typically found over the deepest portion of the YS proper and
reflects the winter limited northwest extension of the warm current
(see Figure s-5-2, page 5-9). The cold water flowing south and then
east around western Korea sinks wunder the warm Tsushima Current
water in the northern portions of the Tsushima (Korea) Strait. This
is in contrast to the autumn condition when a strong SST front |is
typically found between Cheju-do and Tsushima Islands. By late
winter the cold, vertically homogeneous water extends seaward to
near the 184 mwm isobath. At this time the YS water is at its
coldest, most saline, densest, and 1least vertically stratified
condition of the annual cycle.

The winter conditions result in half-channel conditions for
souné propagation. The 1limited water depth throughout the Y¥YS
necessitates shallow water ASW operations year round. Infrared
satellite imagery is at its maximum value in depiction of SST and

current patterns due to the strong horizontal SST gradients.
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Winter 1¢ce and snow patterns.
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FIGURE 5-5-4. WINTER ICE AND SNOW PATTERNS., 26 FEB 84
OSAN AB Visual DMSP: TN: 26/0387 GMT (Expanded image)

Synoptic Features: Winter time offshore flow.

Satellite Image Features:

1. The harbor of Vladivostok is ice covered.

2. A narrow strip of coastal ice exists in the northwestern
Yellow Sea.

3. The snow cover over mountainous areas is dendritic in
shape, resulting from the varying coverage over adjacent ridgelines
and valleys.

4, The snow cover over grasslands 1s of a dull gray nature,
the newer the snow the whiter, and cltles and centers of activity
are seen as dary snow free areas. In forested areas, the snow cover
can not be determined.

5. The wave patterns seen in flow when an inversion exists
can be seen in both the cloud patterns and the gray shades which
reflect atmospheric moisture content at levels below that needed for
cloud formation.

Forecast Alds:

1. The ice conditions of harbors, straits, and other points
of interest can be monitored in polar orbiting satellite imagery.

2. Knowledge of the underlying surface conditions, flat,
grass covered, forest, etc. must be known before correct
interpretations of snow cover can be made.

3. The wave patterns seen in clouds and gray shade areas,
imply the flow direction and the existence of an inversion.
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5.3.1.12 Electro-Optical Ccnditions (See section 2.3.)

Under the winter Northeast Monsoon flow pattern cold dry
continental polar alir from off Asia dominates over the Yellow Sea.
These conditions result in generally improving E/QO range as the
Northeast Monsoon intensifies. The well mixed atmosphere resulting
from heating from below by the relatively warm ocean minimizes
inversions and stable layers and results in an annual minimum of
ducting and superrefraction layers.

The large scale and seasonal trends arxe £for improved E/O
conditions when progressing from south to north and from autumn to
winter. The local conditions of an area frequently modify these
large scale considerations and may in fact reverse them.

The 1local conditions over the Yellow Sea during winter are
influenced by the SST/current patterns and coastal terrain. The

@ warm Yellow Sea Current influences the area over the deep basin west
of South Korea. The shallow coastal waters become quite cold, with
sea 1ice forming along sections of the northern and western
coastlines. The areas around the ends of the Shandong and Liaodong
Peninsulas are known to be regions of wupwelling and frequent f£fog
occurrence.

Shallow surface ducts are formed when the cold dry
continental air flows over the water arxeas. The duct thickness will
increase from north to south and be at 2 maximum over the warmer
water areas. The frequency of elevated ducts is less than 18% over
the sea except over the extreme southeast sector where the frequency

is around 28%. The average height of elevated ducts is near 1466 n.
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The following table presents statistical information on duct

heights for the regional area and season of interest:

CENTER OF AREA: 360N 124°0E SEASON: WINTER

EVAPORATION DUCT HISTOGRAM IN PERCENT OCCURRENCE

Height December January February

(m) day nite both day nite both day nite both
g to 4 7 6 6 5 4 5 6 8 7
4 to 8 7 9 8 11 12 11 11 18 15
8 to 12 15 12 14 20 29 25 24 27 25
12 to 16 18 22 20 30 29 29 29 26 28
16 to 20 19 18 19 19 17 18 16 14 15
28 to 24 7 9 8 9 3 6 5 4 4
24 to 28 3 2 2 2 1 2 1 1 1
28 to 32 2 1 2 1 ) g ) % g
32 to 36 2 1 g ) 2 ) g 2 2
36 to 49 ) g g ) 9 g 2 2 2
above 48 22 290 21 3 3 3 7 2 4
Ave. Ht. 24 23 23 15 14 14 16 12 14

5.4 8Spring (mid-March to mid-June) (See section 2.2.1.6.)

As discussed in section 3.4, spring is a season of major
changes over the coastal waters of eastern Asia. As the Siberian
high pressure cell weakens, the winter monsoon also loses strength
and the Polar Front begins its rather slow and erratic northward
migration. Refer to Figure 2-22 (page 2-42) which depicts a
generalized spring synoptic pattern and 5-5-5, an early spring

visual satellite image.
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FIGURE S-5-5. YELLOW SEA SPRING. 9 APR 88
OSAN AB Visual DMSP: DN: ©9%/08235 GMT

Synoptic Features: A frontal band extends from soutaern China east-
northeastward Jjust below the southern extent of this enlarged
portion of the imaqe. Within the area shown the low level flow |is
dominated by a high c¢ell centered over the extreme northwestern
Yellow Sea., Northerly surface flow of 15-28 kt dominates over the
water areas. At upper levels the flow is southwesterly, a Jjet core
is located over southern Korea.

Satellite Features:

1. The lighter gray oval shaped pattern around the tip of
the Shandong Peninsula {is caused by increased northerly surface
winds (corner effect), resulting in higher seas and 1low level
aerosol concentrations and higher relative humidity. Near image
time a 26 kt wind was reported just off the peninsula while winds of
less than 5 kt were reported over the waters of the northern Yellow
Sea.

2. The wave clouds over the Liaodong Peninsula and the wave
shapes in the gray shade pattern Jjust to the east indicate the
presence of a low level inversion.

3. The stratus cloud bank along the northeastern coast of
Korea implies northeasterly surface winds. The winds aloft are 1880
out of phase with low level flow in this area.

4. The acceleration of the surface winds around
southeastern Korea is indicated by a pattern of 1low 1level cloud
lines.

5. Upslope terrain forced clouds are seen on the
northeastern side of Cheju-do Island indicating the direction of the
low level flow.

Forecast Aids:

1. Reduced E/O ranges are likely in the lower levels where
lighter gray shades are evident, such as around the tip of Shandong
Peninsula.

2. Stronger surface winds, rougher seas, and reduced
visibility occur 1in areas where csurface winds accelerate, such as
the Shandong Peninsula and eastern Tsushima/Korea Strait in this
case.

3. Strong 1low level (near surface) inversion are likely in
the southeast quadrant of high pressure cells. 1In this case there
is strong evidence of such conditions: clear skies free of terrain
features, wave clouds over low terrain and in the gray shade pattern
of cloud free areas, and evidence of low level flow around terrain
barriers.
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4. Reduced visibility, overcast skies with fog and drizzle
are likely on the windward side of terrain wundexr Iinversion capped

flow. E£/0 ranges will be further reduced in these areas of
precipitation.

5. Above the low level inversion, and in the leeside of
islands and terrain, marked extended E/O ranges are likely.

Significant variations will result from relatively small vertical
and/or horizontal position changes.
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5.4.1 GClimatology

The spring season 1s a transition perlod for the Yellow Sea
which sees many changes occurring in the weather patterns over the
region. The gradual warming of the Asian continent begins to weaken
the Siberian high pressurxe cell, causing a commensurate weakening of
the winter monsoon. At the same time, the mid-Pacific high pressure
ridge strengthens, resulting in the annual northward progression of
the Polar Front. See Figure 2-5 (page 2-18). Migratory upper
tropospheric disturbances transit the area, allowing "bubble highs"
to break off from the weakened Siberian high and move eastward.
Cyclogenesis typically occurs in the induced trough between the
"bubble high"™ and the Siberian high, resulting in inclement weather
and precipitation over the reqgion. Thermal lows may be expected to

form over China and northeastern Manchurla by the end of the season.

5.4.1.1 3Synoptic Patterns

Figure 2-6 (page 2-23) depicts the tracks of typical
migratory extratropical cyclones. Of those depicted, two would
typically impact the wea